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Frecision Ground 


PLAT STOCK 


Sanderson’s Precision Ground Flat Stock is made of ‘ Pitho,” 
a non-distorting alloy steel to harden in oil at a low tempera- 
ture. The high abrasion resistance of this steel and its low 
degree of movement on hardening make it the ideal material 
for precision tools, gauges, jigs, templates, and for many types 
of punches and dies. Supplied fully softened for ease of 
manipulation. 18 in. standard lengths in a wide range of 
sizes and in special lengths. Full details and names of stockists 
on application. 
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Plastics and Building 


By E. F. MactaGGarT, B.Sc., A.R.C.S., M.I.Chem.E., and H. H. 
CHAMBERS, Ph.D., A.R.C.S., D.I.C., A.R.I.C. Animportant new book 
combining a survey of the * building and other applications of plastics 
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forming methods and equipment, the economic problems of the 
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English Electric Company 
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The photograph on the 
left shows an ESC Twist 
Drill in use on cast iron 
cylinder blocks for one of 
their latest types of Diesel 
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THE BLUE PAGES 





" @ ARC-FREE SWITCH 


j The satisfactory operating re- 
' sults obtained with synchronous 
mechanical contact rectifiers of large 
capacity have shown that the arc- 
free interruption of large electric 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





currents by synchronous contact 
operation is entirely feasible. The latest develop- 
ment in this direction is a switch built for a 
maximum capacity of 1,000 amperes. In order to 
' keep the weight of the moving parts as low as 
| possible, a “switch blade” in the form of a 
bridge-piece of pure silver is used, which weighs 
no more than | gram. Since arc-free interruption 
is carried out, the heavy contacts associated with 
| conventional designs could be dispensed with, 
' and the gap to be bridged could be made only a 
_ few millimetres wide. When the switch is closed, 
» the bridge-piece is held against the contacts with 
' a force of 6 kg. The silver bridge is attached to 
the armature of a permanent magnet system, and 
the total weight of the moving system does not 
exceed 10 grams. By using a piano-wire suspen- 
sion for the moving system, all wear is eliminated, 
and the switch can therefore be used as part of 
mechanical rectifiers which annually perform some 
800 million switching operations. Synchronous 
opening of the switch in the short time available 
is effected by passing an actuating current through 
coils embedded in the poles of the alnico magnet. 
As the flux is saturated, the current passing through 
the coil will have no effect upon the magnetic flux 
when flowing in the one direction, while current 
flowing in the opposite direction will weaken 
the flux and cause instantaneous opening of the 
switch by releasing the armature from the magnet. 


@ BLAST CLEANING WITH CORN COB 
GRITS 
The introduction of corn cob grits as an 
_ abrasive material for the cleaning of electrical 
' €quipment is reported to be the outcome of a 
search for a cleaning process which would elimi- 
nate the fire hazards and toxic effects inherent in 
the use of liquid solvents. It was found that corn 
cob grits yield a soft pellet which has remarkable 
cleaning qualities, entails a much smaller fire 
hazard than petroleum-base solvents and, of 
course, has no toxic effects; also, it is non- 
corrosive. Industrial applications of this some- 
what unusual cleaning substance have proved it 
substantially to reduce the cleaning time of equip- 
. Ment and to effect considerable savings in labour 
and cost of cleaning materials. Typical applica- 
tions are the cleaning of electric motors, motor 
controllers and other pieces of electrical equipment 
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which have become covered with dust and grime. 
A corn cob machine employs the same working 
principles as a sand-blast plant. The machine 
contains a tank having a cone-shaped lower part 
and ending in a vertical orifice. The latter con- 
sists of a rubber ring which contracts under 
pressure applied by the abrasive flow regulator to 
provide an outlet of variable size, through which 
the grits are ejected. The air supply passes through 
a moisture and oil separator to prevent clogging 
of the machine. An agitator built into the machine 
keeps the grits from bridging and packing. It 
also provides a means of directing the grits through 
the orifice to the mixing chamber. 


@ NOVEL SMALL ELECTRIC MOTOR 


The steadily increasing employment of small 
a.c. motors has led to considerable research on 
the problem of devising simple, easily manufac- 
tured types. In a recently patented novel design, 
the stator is divided into two halves, arranged 
axially, which are provided with salient pole-pieces 
of pointed shape. The pointed pole-pieces of one 
stator-half extend between the pole-pieces of the 
other half so that the periphery of the rotor is 
enclosed by the triangular ends of the pole-pieces. 
Each pole-piece carries a coil, and the two coils 
of each stator-half are in series. Following usual 
practice, one of the two stator windings is placed 
in series with a capacitor. It is claimed that with 
this motor type an almost ideal excitation curve 
can be obtained by appropriate design of the 
protuding poles. As the windings are mounted 
on the poles, the excitation curve has a Continuous 
shape, close to the ideal sine curve and without 
the step-shaped _characteristic of slot-wound 
machines. It is also claimed that the motor de- 
velops a torque considerably higher than that 
developed by conventional machines. This is due 
to the fact that the diameter of the rotor is large 
compared with the external diameter of the motor 
itself. Moreover, the torque of the machine is 
practically constant from standstill to full speed. 
Finally, it is claimed that the torque curve of the 
machine will retain its favourable shape even when 
a minimum number of poles is employed. The 
rotor may either be of the squirrel-cage type or of 
the permanent magnet type where synchronous 
operation is required. 
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FAN POWERED VENTILATOR 
EASILY FITTED TO ANY ROOF 


STANDARD SUPPLY 


400 V. 3 ph. 50~. $900 cfm 


18” FAN 


£27/3/- EX WORKS 


Subject to current raw material prices. 





ALUMINIUM BODY—COMPLETELY WEATHERPROOF 


Full Particulars on Request 


DUST FUME AIR CONDITIONING 
VENTILATING PLANTS. 


INDUSTRIAL FAN & HEATER 
COMPANY LIMITED. 


EVELYN ROAD --= SPARKHILL 
BIRMINGHAM Il. 


Telephone: VICTORIA 2277/8/9. 









Telegrams: AIRFLO. 


Northern Area 
22 CITY BUILDINGS, 69 CORPORATION ‘ST., 


MANCHESTER 4 
Telephone: BLACKFRIARS 6918 




















They were both 
originated as a 
means of protec: 
tion. 

The fixing of a 
wax seal to a docu- 
ment signified legality 
and possession of a 
sealed document is a 
protection to the owner. 
The fixing of a WESTON 
OIL SEAL to machinery 
signifies perfect protec- 
tion for the bearings. 
Dirt, Grit, and Moisture 
cannot enter, neither 
can the lubricant escape. 
An extensive range is 
available, including pre- 
cision seals fitted with 
leather or synthetic 
rubber inserts. 




















Our Technical staff 
are at your service and 

will gladly assist you in the ‘‘ drawing 
board”’ stage to solve your sealing problems. 
Fit WESTON OIL SEALS to protect all types of 
machine bearings. 






















Write or phone for full information. 
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@ BALL BEARINGS FOR LINEAR MOTION 


Recent years have witnessed the successful 
introduction of ball bearings for linear. motion, 
especially for the reciprocating motion of control 
shafts and similar purposes. Operating experience 
has shown that radial play can be held within 
extremely narrow limits even under severe 
operating conditions. Proof of this characteristic 
is furnished by the decision of a firm of prominent 
machine tool makers to employ a preloaded ball 
bearing quill mounting in a jig boring machine. 
It is stated that experimental models of this ball 
roll quill have been used for seven years of 
continuous service and still maintain their original 
accuracy. No adjustments have ever been necessary 
and no sign of wear of the parts is apparent. 
These preloaded bearings are used to avoid radial 
play in the spindle and thus to ensure highest 
possible accuracy. A total of 240 balls is used in 
two bands between liners and quill, and the pre- 
loading amounts to a total of 6,000 Ib between 
quill and liners. . It is noteworthy that, in spite of 
this large pressure, hand operation of the quill is 
so sensitive that the operator can easily feel a 
} in. drill feeding down into the work-piece. 
Ball bearings of this type are now also being 
employed in dies and punches, and it is claimed 
that preloaded bearings after 20 million cycles 
have been found still to possess sufficient pre- 
loading to ensure accuracy. It is claimed that 
speeds as high as 1500 and even 2000 strokes per 
minute can be obtained in special high-speed 
presses. 


@ FRICTION REDUCTION IN MACHINE 

TOOL SLIDES 

In precision-type machine tools which have 
tracks and slides, a high degree of friction between 
the slide and the track is harmful because of the 
wear of the friction’ surfaces involved. Further- 
more, the presence of friction adversely affects 
the sensitivity desirable for movements of fine 
adjustment. Such a lack of sensitivity is particu- 
larly troublesome when the problem is to be able 
to bring the slidable table of the machine tool into 
position with a high degree of accuracy. Owing 
to the difference between static and dynamic 
friction forces, the resistance to be overcome by 
the manual control is not the same at the instant 
the table is set in motion and during its motion. 
In fact, the sudden diminution of the friction 
resistance after motion has started makes fine and 
exact adjustment very difficult. The solution pro- 
posed by a prominent firm of machine tool makers 
consists in the use of a number of rollers spaced 
at suitable intervals and rolling on the frame of 
the machine. A second upper row of rollers, which 
is staggered with regard to the first row below, is 
pressed against the lower surface of the slide and 
supports it. For this purpose, each upper roller 
is pressed upwards by two connecting rods coup- 
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ling it with the two lower rollers, above and be- 
tween which it is located. As all upper and lower 
rollers are thus linked together, a spring-exerted 
thrust directed to push the lower rollers together 
will force the upper rollers upward against the 
underside of the slide. Instead of using spring — 
pressure, the thrust may be exerted by an ad- 
justable screw or hydraulic pressure. 


@ NEW BEARING METAL 


A recent invention aims at filling the gap 
which exists in the hardness range of ordinary 
bearing metals between the hardest types of soft 
anti-friction metals and the softest copper-lead 
compositions. The invention envisages the use 
of a fabric of relatively hard metal wire which is 
embedded in a matrix of relatively soft anti- 
friction metal. In a typical example, four layers 
of fabric made of soft copper thread were com- 
pressed in a tubular shell by means of an expanding 
mandrel, a pressure of some 1200 psi being applied. 
The resulting compacted structure, which con- 
tained 30 per cent copper by volume, was then 
tinned by dipping. The tinned compact, while 
still hot, was placed in a suitable mould, and a 
lead-base antifriction alloy containing 5 per cent 
antimony, 8-5 per cent tin and the remainder lead 
was cast into the mould to fill the interstices in 
the copper thread compact. The resulting bearing 
contained the harder copper thread embedded in 
the softer antifriction matrix. A machined surface 
of this composition was found to show copper 
areas dispersed through the softer metal. showing 
no straight-line geometric pattern. Geometric 
patterns must, of course, be avoided, as a series 
of aligned particles er a continuous longitudinal 
thread of copper would cause serious damage to 
the shaft since at the section concerned it would 
be riding on copper alone. 


@ REMOVING FAULTY ENAMEL COATINGS 


In view of the prevailing steel shortage, it will 
be interesting to note that a method has been 
developed in the United States which makes it 
possible to recover parts which had to be rejected 
because of defects in the porcelain enamel finish. 
The new process strips porcelain enamel coatings 
from fabricated parts, such as gas cooker tops, 
washing tubs, bath tubs, and similar equipment, 
so that they can be re-enamelled. It need hardly 
be said that de-enamelling is by no means a new 
process as such, but it has rarely been proved 
practical on a commercial basis. The reason, of 
course, is that the methods which effectively 
stripped the porcelain were too expensive to be 
of interest to manufacturers. Also, the cost of 
installing equipment and maintaining a salvage 
section would have cost as much or more than the 
replacement of the defective parts. The new pro- 
cess appears to be fairly simple and consists 
mainly of a caustic bath, water rinse and pressure 
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The world’s most 
widely used combination electrical 
measuring instrument. It ptovides 50 
ranges of readings on a 5-inch hand- 
calibrated scale fitted with an anti- 
parallax mirror, and is guaranteed 
accurate to B.S. first-grade limits on 
D.C. and A.C. from 25c/s to 2K/es. 


The meter will differentiate between 
A.C. and D.C. supply, the switching 
being electrically interlocked. The 
total resistance of the meter is 500,000 
ohms. 


CURRENT: A.C. and D.C. 0 to 10 amps. 
VOLTAGE: A.C. and D.C. 0 to 1,000 volts 
RESISTANCE: Up to 40 megohms, 
CAPACITY: .01 to 20.F. 


AUDIO-FREQUENCY 
POWER OUTPUT: 0—2 watts 


DECIBELS: —25Db to +16 Db. 





PRICE 
° a 
S19 : 10s. The instrument is self-contained, 
Size: 8° x 71” x 44 compact and portable, simple to operate 
ek mY x 4° 
Weight : 6 ibs. (including leads) and almost impossible to damage 


electrically. It is protected by an 
automatic cut-out against damage 
through inadvertent application of 
electrical overload. 


Various accessories are available for 
extending the wide ranges of measure- 
ments quoted above. 


Write for fully descriptive pamphlet. 


Sole Proprietors and Manufacturers 


The AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO.LID. 
WINDER HOUSE* DOUGLAS STREET - LONDON*S.W.1 Je/ephone: V/CTORIA 3404/9 
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sand spraying. . The secret of the success of the 
new method would appear to lie in the solution 
used. The faulty pieces are immersed in the 
solution and heated to 300° F in a specially de- 
signed stripping tank. After soaking for approxi- 
mately two hours, they are taken out, rinsed with 
water in order to remove the chemicals, and sand- 
blasted to take off any small amounts of porcelain 
that may have remained. 


@ IMPROVED STORAGE BATTERY 

According to an American report, a light- 
weight storage battery has been developed which 
can operate over as wide a temperature range as 
from plus 165° F to minus 65° F. By the utilisa- 
tion of a new principle in the construction of the 
grids, the battery suffers a minimum of reduction 
in its useful life while itis not in use. This has 
been achieved by a new manufacturing process, 
in which a pure lead plating is placed on a lighter 
metal base instead of the lead-antimony alloy 
which is now used to produce the grid core in a 
standard accumulator plate. This substitution has 
been made possible by the successful lead-plating 
of materials which are ordinarily corroded by 
sulphuric acid, and such materials as aluminium, 
brass, iron and copper can now be used in place 
of lead, which formerly was the only sulphuric 
acid-resistant material available for this purpose. 
In view of the low rate of self-discharge achieved, 
the new battery should prove useful in cases where 
a battery is required as a source of emergency 
supply in the event of failure of the public system. 
A comparative test in which a standard 12-volt 
battery and a new type of battery were subjected 
to a 300 amp. discharge rate, showed that the 
voltage of the standard battery fell to 6 volts in 
1 minute 23 seconds, and that of the aluminium 
grid battery in 2 minutes 39 seconds. 


@ INSTRUMENT FOR MEASURING HIGH 

TEMPERATURES 

The difficulties involved in the measurement 
of high gas temperatures in the combustion 
chambers of gas turbines and in furnaces in 
general are well known, and considerable interest 
therefore attaches to the recent development of a 
method which does not require the exposure of 
thermocouples to the high temperature gases. 
Briefly, the new method employs a sampling tube 
contained in a water-cooled housing, which is 
immersed in the gas, the temperature of which 
is to be measured. A certain quantity of high- 
temperature gas is made to pass into the sampling 
tube through an orifice at the inlet end of that 
tube. From the other end of the sampling tube 
the gases are then passed into another tube, where 
they are further cooled by natural heat dispersal 
or water cooling so that they arrive at a greatly 
reduced temperature at another orifice located in a 
chamber forming part of the second tube. The 
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outflow of the gases through the second orifice to 
the atmosphere is adjusted by a manually adjus- 
table discharge valve, assuming the gas to enter 
the first orifice under pressure, as will be the 
case in a gas turbine combustion chamber. The 
method employed for temperature rests upon the - 
fact that by keeping constant the ratio of tem- 
perature before the second orifice to the pressure 
differential across that orifice by adjusting the 
aforementioned discharge valve, the gas tem- 
perature to be measured will be a direct function 
of the pressure drop across the first orifice. No | 
doubt, a simple instrument of this type should 
prove highly useful in a number of applications. 


@ HIGH-SPEED CRYSTAL CLUTCH 


A crystal clutch has ‘been devised, in which 
application of a direct current voltage to the 
electrodes of three “bimorph” piezoelectric 
crystal elements causes bending of these elements; 
this bending presses the output disc of the clutch 
against the rotating input disc. This clutch, which 
is still in the experimental stage, is intended to 
serve as a fast-acting component in high-speed 
computers. In the experimental unit, the output 
shaft delivered useful torque within 0-2 milli- 
seconds after voltage was applied to the elements. 
Construction of the crystal clutch is claimed to 
be simple. The output disc is located between 
two rotating members, one of which is a thin 
flexible crystal pressure plate and the other a 
heavier mounting plate or input disc. Three of 
the bimorph crystal elements, which bend when 
opposite potentials are applied to different parts 
of the crystal surfaces, are spaced at 120-deg. 
intervals. When the exciting voltage is applied, 
the crystals press against the pressure plate and 
pinch the output disc between the pressure plate 
and the input disc. Of the various factors which 
influence the speed of response of the clutch, it 
is the resonant frequency of the crystal itself 
which determines the ultimate limit for speed of 
response. It is considered that the high speed of 
response and the negligible current consumption 
of the clutch may be found useful in many 
specialised applications. 


@ NEW SURFACE COATING PROCESS 


A most interesting recent proposal relates to 
the coating of metal surfaces with other metals 
at the ingot stage. According to this proposal, a 
liquid layer of the second metal is placed upon the 
surface of the molten first, or parent, metal upon 
which it will float. As soon as solidification com- 
mences in the mould, phases enriched with the 
layer metal will solidfy at the mould face. When 
bottom-feeding, the level of the parent metal will 
rise together with that of the layer metal, and 
crystallisation of the layer metal-enriched plase 
along the area of mould face swept by the rising . 
liquid level will take place. The result will be an 
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The severe shock loads imposed upon 
gear teeth when rail points or crossings 
are traversed at high speeds require: 
their design to be far more robust than 
normal industrial gears. Design and 
manufacture of traction gears must be 
directly related to the design of the 
traction motor. Metrovick experience 
in the production of traction motors 
therefore means that M-V gears incorpo- 
rate all those features arising from 
practical traction needs. Solid, com- 
posite or resilient, spur or helical, all 
types of gears for rail or road traction 


can be supplied by Metropolitan- Vickers. 


Metrovick rubber resi- 
lient gear wheel for 
a tramcar. Gears of 
this type protect 
motors against 
impact shocks and 
vibration, lengthen 
life of motors, gear 
wheels and pinions, 
while reducing noise. 
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ingot, the parent metal of which is covered with a 
coating constituted by a layer metal-enriched 
phase. The layer metal must, of course, be re- 
plenished at a rate commensurate with that at 
which it solidifies at the mould face. The thick- 
ness of the coating can be controlled by adjusting 
the speed at which the liquid level is made to 
rise, and for a given cooling action of the mould, 
the surface layer will be the thicker, the lower 
this speed. Various metals, such as manganese, 
nickel, copper, chromium, vanadium, etc., may 
be used as coating metals, while the immediate 
application of the process appears to be concerned 
with the production of steel ingots covered with 
an aluminium-rich phase, to be used for the 
manufacture of steel tubing with a corrosion- 
resistant surface. It is stated that the surface 
properties can be further improved by chromising. 


@ SPEED-GOVERNING DEVICE 

A surprisingly simple, but highly ingenious 
speed control governor has been developed, which, 
if the claims made for it can be upheld in practice, 
may largely supersede the conventional flyball 
type, at least where hydraulic actuation is con- 
cerned. Briefly, the new device contains as speed- 
sensitive elemert a spring-steel cantilever of 
special shape which is made to rotate around its 
longitudinal axis at the speed to be controlled. 
At its free end, the cantilever carries an eccentri- 
cally attached circular disc. Owing to the eccentric 
arrangement of the disc, its mass will deflect the 
cantilever during rotation, and the deflection will, 
of course, be a function of the speed. Opposite 
the top surface of the disc and at close distance, 
a nozzle is placed so that the outflow of hydraulic 
actuating fluid will be controlled by the extent to 
which the nozzle opening is covered by the surface 
of the disc. Therefore, the higher the speed at 
which the cantilever is rotated around its axis, the 
greater will be its deflection and, hence, the smaller 
will be the area of the nozzle opening covered by 
the disc, that is to say, the larger will be the 
quantity of actuating hydraulic liquid that can 
pass out through the nozzle. Speed governors of 
this type offer the important advantage that they 
are entirely free from the influence of frictional 
forces. They should also be free from wear, and 
there would appear to be no reason why they 
could not be built for extremely high rotational 
speeds, if required. 


@ RESEARCH ON ENGINE KNOCK 

Recent compression-ignition investigations have 
considerably advanced understanding of the nature 
of the “ knock” phenomenon in automotive en- 
gines. In the course of this research, two distinct 
Stages in auto-ignition have been recognised. In 
the first stage, a blue luminescent glow of low 
intensity is apparent which is accompanied by a 
small increase in pressure. This is followed by a 
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sharp rise in light emission and pressure as the 
reaction goes into the second stage during which 
detonation occurs. Fuels of low octane number 
start to burn more readily when compressed as 
“end gas ” than do those of high octane number... 
This is in contradiction to one of the tenets of a 
currently popular theory regarding initiation of 
combustion. According to this theory, those 
hydrocarbons having tertiary hydrogen atoms 
should begin to burn more readily than those with 
secondary and primary hydrogens. Yet, many of 
the higher-octane fuels containing tertiary hydro- 
gens were found to be more resistant to burning 
than those containing only secondary and primary 
hydrogens. A correlation was also found between 
the amount of heat liberated in the first stage of 
auto-ignition and the detonation characteristics 
of the fuel. High-octane fuels did not liberate as 
much heat as low-octane fuels, and the amount of 
heat liberated was discovered to be an inverse 
function of the pe formance number for several of 
the fuels studied. These results definitely show 
that the reactions occurring in the first stage of 
auto-ignition have an important bearing on the 
tendency of the fuel to detonate. 


@ CHROMIUM-PLATED ALUMINIUM 


A new process permits the plating of chromium 
directly onto an aluminium surface. Chromium- 
plated aluminium presents a strong and mechani- 
cally attractive combination which is highly suited 
for applications which require the lightness and 
corrosion resistance of aluminium, together with 
the hardness, wear resistance, corrosion resistance 
and antifriction properties of chromium. The new 
process involves the use of an abrasive material 
suspended in water for cleaning and finishing the 
metal surface by wet-blasting. After blasting, 
the mechanically cleaned aluminium surface re- 
tains a coating of the suspension thick enough to 
prevent oxidation for a sufficient length of time 
to permit the aluminium to be immersed in the 
plating bath. Once in the acid bath, the blasting 
coating washes away and settles to the bottom of 
the tank. With this coating out of the way, 
plating follows normal practice, with the chromium 
deposited directly onto the aluminium without 
an oxide coating or other separating layer between 
base and plating coating. The material used for 
the wet-blasting operation consists of crystals of 
silicon dioxide. This is a hard and chemically 
inert material which does not contaminate the 
plating bath. A special high-speed plating solution 
is used with the new method, which permits the 
production of a chromium deposit on the alu- 
minium base at the rate of 0-007 to 0-008 inch per 
hour. The coatings deposited have a hardness 
of between 75 and 82 Rockwell C. It is claimed 
that the costs of plating in this manner are no 
more, and usually somewhat less, than standard 
methods of chromium-plating steel. 
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I” DIAMETER pipes insulated with 
‘Fibreglass’ rigid sections, One bound 
with wire netting and finished in hard- 
setting cement. One in hard-setting cement 
bound with wire netting and roofing felt and 
bitumen painted. 
100 FEET of bare pipe of 3” bore carrying 
steam at 400°F will lose heat equivalent to 
54 tons of coal per year. YOU can save 50 
tons of this by insulating the pipe with 
* FIBREGLASS’ RIGID SECTIONS 2” thick.* 
COMPARE this with the thickness of other insula- 
ting materials you would have to use to achieve 
the same saving. You will find that with most of 
them you would need at least 3”. That means more 
space, more weight on pipe supports, more finishing 
materials; in short higher overall installation cost — and 
higher costs for paint maintenance. 
CLEARLY, when it’s a matter of insulating, it pays on all 
counts to use ‘ Fibreglass’. 
These figures assume :— 
1—a boiler-efficiency of 70% 
2—a calorific value for coal of 10,000 B.Th.U/[Ib. 
j—an operating time of 8,000 hours/year 


For structural, heat and cold insulation. Sound-dead- 
ening. Acoustic correction. Porous membranes for 
pipe wrapping, flooring, roofing. Battery retainers and 
air filters: In textile form for electrical insulation and 


et Haein, 
TRADE MARK flameproof decorative fabrics. 


FIBREGLASS LIMITED, RAVENHEAD, ST. HELENS, LANCS. (ST. HELENS 4224) 
London Office : 63/65 Piccadilly, W.1 (Regent 2115/6). Glasgow Office: 136 Renfield Street (Douglas 2687) 
Newcastle-on-Tyne Office : 16 Dean St. Manchester Office : 11 Piccadilly ( Blackfriars 8863). Birmingham 
Office: Piccadilly Arcade, 105 New St. (Midlands 0464/5). Dublin Office: 21 Merrion Sg. N. (Dublin 66024) 
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REVIEW OF WORLD ENGINEERING PROGRESS 


VOL. XII. No. II 


‘NOVEMBER, 1951 


Saving Scarce Materials 


BRITISH industry has had a good deal of ex- 
perience both during and since the war in 
measures for economising in scarce materials. It 
was in no sense a reflection upon the careful hus- 
bandry which has been exercised in the U.K., that 
the Anglo-American Council on Productivity de- 
cided as a matter of urgency to send, under the 
E.C.A. technical assistance programme, a specialist 
group of men to the U.S. to report what was 
being done in the U.S. and to advise how any 
economy measures being taken there might help 
British industry. 

Their Report “ Saving Scarce Materials ” is 
not intended to be a comprehensive and detailed 
guide to what is being done in the U.S. In any 
event, the situation there is changing; various 
measures, including the Controlled Materials Plan, 
were only beginning to have their effect at the 
time of the Team’s visit. Details are given of a 
national survey published by the U.S. Govern- 
ment, classifying the shortages of the principal 
metals used in the engineering and allied industries 
and alternatives suggested for them. 

While the extent and incidence of shortages 
differ in detail from those current in Britain, 
nevertheless much of the information collected 
will, it is thought, be of value to British industry. 

A large part of the Report deals with the con- 
siderable advances which have been made in re- 
cent years in the U.S. in the use of low-alloy or 
plain carbon steels. The use of steels of this type 
has been pushed ahead rapidly and vigorously, 
and the Team felt that there were important 
lessons to be learned by the corresponding British 
industries. Considerable savings of scarce ferro- 
alloys and alloying elements appear to be possible 
here by the employment of similar techniques. 
This would make available more alloying metals 
for those steels the use of which is essential. 

By contrast, the U.S. aircraft industry appears 
to be using steels containing substantially higher 
proportions of scarce alloying elements than the 
equivalent British industry. Here it seems likely 
that by suitable modifications in design and speci- 
fication the U.S. could achieve considerable 
economies in the scarce alloying elements. 

As to non-ferrous metals, shortages in the 
U.S. seem already to be impeding industrial pro- 
duction, and vigorous short-term conservation 
measures are being taken, in particular with nickel, 
lead and tin. In this field, it is recommended 
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that there should be further detailed study by 
specific interested British industries. Once more, 
however, it is possible for British knowledge to 
make a contribution to the problem of American 
shortages. Such new British techniques as com- 
bined tin-zinc and tin-nickel electro-deposition 
could be made more widely known and employed 
in the U.S. 

In the U.S. there seems to be a considerable 
future for light metals and their alloys. Alumi- 
nium and magnesium show prospects of rapid 
expansion and seem destined in the long run to 
replace other scarcer non-ferrous metals. 

The Team found that substitution of plastics 
and plastic components for metals does not ap- 
pear to have made greater progress in the U.S. 
than in Britain. There were, however, a number 
of interesting uses for some of the newer plastics, 
particularly in sheathing electrical conductor 
cables. 

Shortages of materials and their possible effect 
in dislocating industrial production are issues 
which need careful and continuous explanation 
to avoid misunderstanding between management 
and workers. The Report suggests that methods 
of joint consultation practised in Britain merit 
study by American industry. 

Although the Team was concerned principally 
with economy measures useful in the short term, 
there was an opportunity to learn something of 
long-term planning of materials supplies in the 
U.S. A President’s Commission is making a study 
of the extent to which shortages of materials for 
production may be likely to impair economic 
growth or security in the U.S., and the review 
being undertaken covers the next 25 years. 

The Team was given some interesting in- 
formation about reducing losses in the processes 
of extracting materials, deriving materials from 
unconventional sources, the exhaustive use of 
different materials, including intensive salvage and 
recovery, and possibilities for extending the useful 
life of manufactured products. It thought that 
the work being done by this Commission would 
be of considerable value for the long-term future. 

The Report contains a number of conclusions 
with the supporting evidence from which they 
were drawn, and recommends to those British 
industries concerned further detailed study of 
the various measures described for saving scarce 
materials. 
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GERMANY 


The Optimum Tube Lay-out for Heat Exchangers 


By E. Eckert. (From Forschung auf dem Gebiete des Ingenieurwesens, Vol. 16, No. 5, pp. 133-140, 10 illustrations.) 


Since heat exchangers often require considerable quantities of material, an important task is the 

economical use of material in their design. An investigation is made to determine which arrangement of 

tubes renders the smallest heating surface with a given pressure loss and, conversely, which arrangement 
results in the smallest pressure loss with a given heating surface. 


I. INTRODUCTION 


HeEaT exchangers which have to maintain the exchange 
of a certain heat flow between liquids and/or gases are 
usually built up of banks of tubes. When the pressure 
levels of the two heat-exchanging fluids are very dif- 
ferent, only tubes of circular section are suitable. This 
is usually the case in evaporators, superheaters, and 
economisers of steam boilers as well as in heat ex- 
changers of gas turbines. 

The fluid flowing inside the tubes determines the 
number of tubes in parallel. In order to make do with 
tubes within the commercial range of sizes, it is usually 
necessary to employ whole bundles of tubes. An 
accurate investigation shows that the amount of material 
used in the construction of the heat exchanger, its bulk, 
and the size of the heating surface fall steeply with a 
reduction in the diameter of the tubes. The second 
fluid flowing outside the tubes can be directed in 
parallel with the axis of the tubes (longitudinal flow) or 
at right angles to it (transverse flow). A further dis- 
tinction is made between parallel-flow, contra-flow and 
cross-flow. Contra-flow requires the smallest heating 
surface, and can be combined with transverse passage 
through the bundles of tubes if the flow outside the 
tubes is reversed several times. 


II. Heat TRANSMISSION AND PRESSURE LOSS IN 
LONGITUDINAL AND TRANSVERSE FLOW 


The coefficient of heat transfer is determined from 
the equation 


Nu = K Re™ of a: (1) 


where Nu = ad/A is the Nusselt number, « is the 
heat transfer coefficient, d is the tube diameter, A is 
the coefficient of thermal conductivity, Re = wd/v is 
the Reynolds number, w is the velocity, v is the kine- 
matic viscosity, K and m are constants which are 
obtained as functions of the transverse and longitudinal 
pitch ratios from numerical data. The speed w is defined 
as that obtaining in the smallest cross-section between 
the tubes. 

In Figs. 1 and 2, eq. (1) is plotted for the in-line 
and staggered arrangements respectively within the 
range of the Reynolds numbers covered by the experi- 
ments. Since the individual curves are rather closely 
spaced, they are separated into two groups arranged 
one above the other. It is seen that the differences in 
the Nusselt number between the two arrangements are 
very small at most pitch ratios. The in-line arrangement 
gives different results mainly with tube bundles of 
large transverse pitch and small longitudinal pitch but 
only at small Reynolds numbers. The staggered ar- 
rangement shows slightly smaller values of Nusselt 
number at small Reynolds numbers, but even these 
differences are small and vanish at larger Reynolds 
numbers. All the curves apply to banks of ten and more 
rows of tubes. 

The pressure loss 4p suffered by the air in traversing 
the banks of tubes is given by the following equation 

w 
4p=néy— fe sé (2) 
2g 
where n is the number of the rows of tubes in the 


direction of the air flow, é is the drag coefficient of a 
single row of tubes, y is the weight density of the air 
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and g is the gravity acceleration. The drag coefficient ¢ 
is given in Figs. 3 and 4 of reference 1. 
The pressure loss inside a tube of length / is 


l w 
4p=lC-y— Ae sie (3) 
a 22 


The friction coefficient ¢ in turbulent flow as given 
by Btastus (ref. 2) by the expression 


0°316 
t= 
( Re)! /4 
has been confirmed in new measurements up to 
Re = 10°. 
From certain conceptions on the laminar and turbu- 


lent heat and impulse exchange PRANDTL has derived 
the equation 





(4) 


Nu 6/8 


Re Pr 1+ A(Pr—1) 


The magnitude A in the denominator of the above 
equation has been determined from measurements on 
heat transfer carried out by different investigators. We 
= use the relation established by E. HoFMANN 
(ref. 3) 


(5) 





A = 1°5(Pry1/8 (Re)1/8 (6) 


Introducing eqs. (6) and (4) into equation (5) we 
obtain 
Nu 0°0396 (Re)1/4 


RePr 1 + 1°5(Pr)1/8(Re)1/8 (Pr—1) 


For air at room temperature Pr = 0°714 rising to 
Pr = 0°760 at 500°C; the influence of pressure is 
practically insignificant. The denominator does not 
alter much with the Reynolds number so that it is 
legitimate to simplify eq. (7) to 


Nu = 0:0333 (Re)/* 1... (8) 


Eqs. (7) and (8) can also be used for non-circular 
tubes if the diameter d is replaced by the hydraulic 
diameter d, = 4 F/U. In this, F is the cross-sectional 
area available for the flow inside the tube and U is the 
wetted perimeter. Hence eq. (8) applies to the heat 
transfer through the outside of the tubes in a bundle 
exposed to longitudinal flow. The hydraulic diameter 
depends on the transverse pitch ratio a and the longi- 
tudinal pitch ratio 6 in accordance with 





(7) 


d,, 4 ab 
—= —-—1.. 36 «< & 
d 7 


The hydraulic diameter can be introduced into 
eqs. (4) and (7) or (8) to calculate the pressure loss and 
heat transfer in tube bundles in longitudinal flow. 
Replacing the hydraulic diameter in both the Nusselt 
and the Reynolds numbers of eq. (8) by the tube 
diameter d, we obtain 


d \1/4 
Nu = C (Re)3/4 (—) we we (10) 


h 


In Fig. 2 the family of curves reproduced in solid 
lines represents the Nusselt number as a function of 
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Fig. 1. The Nusselt number Nu as a function of the Reynolds 
number Re for in-line tube bundles and for a single tube in 
transverse flow. 


a = s;/d transverse pitch ratio. 6 = s9/d longitudinal pitch ratio. 


the Reynolds number for some values of the hydraulic 
diameter. The value d,/d = 0273 represents the 
smallest possible hydraulic diameter since at that value 
the tubes just touch each other when arranged in line. 
In the staggered arrangement, somewhat smaller values 
are possible, but they are not of practical interest. It 
is seen in Fig. 2 that in longitudinal flow much smaller 
Nusselt numbers obtain than in transverse flow. The 
curves commence at Re = 4000 where eq. (7) begins to 
be valid. 


III. THe SpEcIFIC FRICTION POWER CONSUMPTION AS 
A MEASURE OF THE RATIO OF CONSUMED POWER 
AND EXCHANGED HEAT FLOW 
Consider the heat exchange in a tube with turbulent 

flow. Turbulent mixing is responsible for the move- 

ment of gas particles across the direction of flow. These 

particles carry their enthalpy and impulse. Fig. 3 


y 
2p f= fap 
<i 


« 4 
Q=4--6 2 | ee Fig. 3. Diagram of tur- 
— bulent heat exchange. 








illustrates diagrammatically a field of flow in which 
the velocity varies substantially only in the y-direction 
normal to the direction of flow. Gas particles of weight 
G’ per second are transferred through a unit of surface 
area from plane 1 having the velocity of flow w, and 
temperature t, into plane 2 characterised by the smaller 
velocity w. and the lower temperature ¢,. For reasons 
of continuity, the quantity of gas transferred per second 
from plane 2 to plane 1 must be the same. Since the 
gas particles emerging from plane 1 carry an enthalpy 
G’ c, t, higher than that of the particles transferred in 
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Re 
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Fig. 2. The Nusselt number Nu as a function of the Reynolds 

number Re for a staggered tube bundle and a single tube 

in transverse flow and for oy tube bundle in longitudinal 
ow. 


dn hydraulic diameter, d — tube diameter. 


the opposite direction with the enthalpy G’c, t,, the 
turbulent exchange of fluid is accompanied by a heat 
flow of the following density 
Qt = Gc, (ty — te) a se (DS) 
The flow of fluid G’ also carries its impulse so that 
the densities of impulse flows have a balance of 
G’/g (w, — w2) carried from plane 1 to plane 2. The 
exchange of impulse causes the slower flow in plane 2 
to be accelerated and the faster flow in plane 1 to be 
retarded. It is, therefore, possible to represent the 
density of impluse flow as a sheer stress in the inter- 
mediate plane 0 given by the following expression :-— 
G’ 
T, = —(w, — w) a so Ga 
& 
Eliminating G’ from eqs. (11) and (12) we obtain 
a relation between the density of heat flow and the 
shear stress 


tl) — te 
Qe = Cp Te — oe oe (13) 
W, — We 
In laminar flow the shear stress is 
dw 
T= em .. “¢ Brame)” ) 
dy 


where yp is the dynamic viscosity. If temperature dif- 
ferences exist across the flow, heat conduction takes 
place as well and causes a heat flow of density 
dt 
q=—A— .. oe «- @5) 
dy 
Dividing eq. (15) by eq. (14) and neglecting the 
minus sign yields 
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A dt 
qe -t— ue <6) 
a dw 
In a flow inside a tube the turbulent exchange pre- 
dominates in the core of the stream. Near the wall of 
the tube there is a boundary layer with laminar flow in 
which the exchange is described by eq. (16). The two 
expressions for heat exchange are identical when 
A &lpM 
-=gc, or =-= Pr=1 
“ A a 
For a gas with Pr = 1, eq. (13) can therefore be used 
under all conditions. The planes 1 and 2 can then be 
imagined anywhere within the field of flow including 
the laminar boundary layer. It is convenient to imagine 
one of the planes in the axis of the tube and the other 
at its wall. The values at the axis can be replaced by 
the mean velocity and temperature of the flow. At the 
wall the velocity is zero. If the mean velocity is denoted 
by w, the difference in velocity of eq. (13) is replaced 
by the value w. The difference between the mean 
temperature of the fluid flowing in the tube and the 
wall temperature will be denoted by 4t which therefore 
replaces t, — tf, ineq. (13). Introducing the pressure loss 
Ap in a length of tube /, we can represent this pressure 
loss as a force of magnitude 4p d* 7/4 acting on the 
gas within the above length 7. This force is equal to 
the resistance caused by the shear stress at the wall 
and we obtain the equation 
aan 
rdal = Jp— fs . 617 
A 





Between the fluid and the wall the heat flow is 
derived from eqs. (13) and (17) :— 


an At 
Q=qdzrl= 4p — ge, —.. ws 118) 

4 w 
In order to convey a gas volume V per second 
through the tube, the power consumed is given by 








an 
N = V 4p = —w 4p eee as 19) 
4 
N w" 
Hence —--— (20) 
Q gcyAt 
N gc, 4t 
or —- l a ar as. 2B) 
OQ w 
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Fig. 4. Specific friction power Peg oe Sage Q as a function 

of the Reynolds number Re for in-line tube bundles in 

transverse and longitudinal flow and for a single tube in 
transverse flow. 
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The expression on the left-hand side of this equation 
is the specific friction power consumption 2. This 
figure has the value of unity for Pr — 1, provided the 
flow varies only across the direction of flow. Boundary 
layer flow obeys this condition to a reasonable degree, 
stagnant regions behind non-streamlined obstacles do 
not. Such flows and boundary layer flows in fluids of 
Pr #1 render specific friction power consumptions 
other than unity. 

We shall now calculate the specific friction power 
consumption for the internal flow in a tube at arbitrary 
Prandtl numbers. The heat flow across a tube of length 


lis 
Q=adr7lat ve te ~» (22) 


The specific friction power consumption is obtained 
by means of eq. (3) from the relation 








aa lw d?n 
N=—wd4p=C-y——w ss 1023) 
4 d 2g 4 
and hence 
N gc, 4t Gye,@ € RePr 
=o =- =- (24) 
G w 8 « 8 Nu 
or, introducing eq. (5) 
Q2=1+ A(Pr—)) .. ae 15) 


The specific friction power consumption is there- 
fore equal to the denominator of eq. (5), which 
relation is also true of the outside of a bundle of tubes in 
longitudinal flow. In Figs. 4 and 5 the specific friction 
power consumption is plotted over the Reynolds num- 
ber for longitudinal flow of air with Pr = 0°714. For 
these curves the value of A was taken from eq. (6). 
2 is practically independent of the dydraulic diameter, 
so that only one curve is sufficient for all d,—values. 

In transverse flow 

Q=amndrTld&t ie .. (26) 


where / is the length of the bundle consisting of m rows 
of n tubes each. 
The volume flow through the bundles of tubes is 
m (s,—d)lw, and using the transverse pitch ratio 
a = s,/d the power consumption becomes 
N = md(a—1)/lw 4p ie C2) 


Eggs. (26) and (27) together with eq. (2) for the pressure 
loss 4p combine into 








N gc,4t € RePr 

Q=-— =(a—1)— (28) 
Q w 2r Nu 
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Fig. 5. Specific friction power consumption (2 as a function 

of the Reynolds number Re for staggered tube bundles in 

transverse and longitudinal flow and for a single tube in 
transverse flow. 
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Fig. 6. In-line tube bundle in transverse flow. 


Figs. 6-8. Ratio of pressure loss 4p to the pressure loss 4p, 

of a standard tube bundle (of staggered lay-out and pitch 

ratios a = b 1:25) as a function of the Reynolds number 
Rey of the standard tube bundle. 
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Introducing in this equation Nu in accordance with 

eq. (1) and accepting Pr = 0°714 for air, we obtain 
a—l1 é 
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In Figs. 4 and 5 the specific friction power consump- 
tion is given for different pitch ratios of the in-line and 
staggered arrangements of tubes, as well as for a single 
tube. 

The two figures show that the specific friction 
power consumption is lower for longitudinal than for 
transverse flow. In both the staggered and in-line 
arrangements of tube bundles the specific friction power 
consumption falls with reduced tube pitch. The in- 
fluence of transverse pitch, particularly in the staggered 
arrangement, is much greater than that of the longi- 
tudinal pitch. 

Specific friction power consumption can be used 
as a figure of merit when comparing vehicle radiators 
having different tube arrangements. With a given 
volume of throughflow, the frontal area is proportional 
to the velocity w. With a given frontal area, w must 
therefore be considered constant, and since the heat 
flow Q, the temperature differences 41, and the fluid 
properties are all constant, specific friction power con- 
sumption is a measure of the total power loss of the 
radiator. 


IV. THE OpTIMUM ARRANGEMENT OF TUBES 


Let tube diameter d and total heating surface be 
constant; furthermore, let the heat flow Q, the tem- 
perature difference 4t between gas and heating surface, 
and the volume of throughflow V be given. The 
temperature levels and, therefore, the physical proper- 
ties of the fluids are also assumed to be given. Our 
problem is to determine which of the different tube 
lay-outs will result in the least pressure drop. 

The power consumption N required for the through- 
flow of gas is 

Q w’ 
N= 2 —— ee x (6S) 
& Cc, At 
Power consumptions will be compared with that of a 
standard arrangement denoted by subscript n. Elimina- 
ting constants we obtain 
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Fig. 7. Staggered tube bundle in transverse flow. 
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N 2Q w* 

—_=-— a «oo GE) 

N,, 2, W,? 
According to eq. (19), the power consumption is pro- 
portional to the pressure loss 4p and the velocity w is 
proportional to the Reynolds number Re. Therefore, 


Ap Q Re \? 
—_ = ( ) oP on “Gy 
4p, 2 Re, 


In this equation, the Reynolds numbers Re and Re, 
are to be determined at a constant heat flow Q. At the 
Reynolds numbers so found, specific friction power 
consumptions 2 and 2, are obtained and introduced 
into eq. (32). Under the conditions of our problem, 
the heat flow is proportional to the heat transfer coef- 
ficient and so is the Nusselt number. Hence the 
Reynolds numbers of all arrangements which fulfil the 
conditions of the problem correspond to a constant 
Nusselt number. 

We find from Figs. 1 or 2 the Reynolds number of 
the arrangement to be investigated, since it has the 
same Nusselt number as the Reynolds number of the 
standard arrangement. For the two Reynolds numbers, 
we now obtain froin Fig. 4 or Fig. 5 the two specific 
friction power consumptions. Eq. (32) gives the ratio 
of the pressure losses of the new and the standard 
arrangements. 
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The results of this investigation are illustrated in 
Figs. 6 to 9. The standard lay-out is a bundle of 
staggered tubes in transverse flow, with the transverse 
and longitudinal pitch ratios both equal to 1°25. From 
Figs. 6 and 7 we learn that both in-line and staggered 
tube arrangements render progressively decreasing 
pressure losses with a reduction of the pitch ratios a 
and 6, in other words with the tubes being closer 
together. This relation corresponds to the rule that, for 
internal flow in tubes, smaller diameters are more 
favourable. Further characteristic trends are difficult 
to observe in the illustrations given. 


100 
80 —— LONGITUDINAL FLOW 
60 --- IN-LINE 
— STAGGERED 
40 


=9 


o/b= 
3/3 


2/2 
5/15 


1p—-—-+--—E- 125/1-25 
os8 — <a ee 
2000 4 6 810000 2 40000 
Re, 
Fig. 9. Comparison of the in-line, staggered and longi- 
tudinal flow tube arrangement with respect to the ratio of 
pressure loss 4p to the pressure loss 4p, of the staggered 
tube bundle of equal heating surface at a - b ~~ 1:25 


In longitudinal flow, as Fig. 8 shows, conditions 
improve very fast with rising Reynolds number. In 
Fig. 9, confined to lay-outs with equal longitudinal and 
transverse pitch ratios, we observe that longitudinal 
flow, particularly at small Reynolds numbers, renders 
larger pressure losses than transverse flow. This result 
may at first sight seem surprising, since its physical 
significance is that the transverse flow associated with 
separation and a strong turbulence is more favourable 
for heat transfer than the orderly longitudinal flow free 
from separation and eddies. The disadvantage of the 
longitudinal flow is particularly noticeable when both 
longitudinal and transverse flow are considered at the 
same pitch ratios. The employment of very closely 
spaced tubes, particularly at large Reynolds numbers, 
can overcome this disadvantage, and the longitudinal 
and transverse flows then bring about the same pressure 
loss, but, for reasons of manufacture, such a design is 
hardly practical. In transverse flow, the staggered and 
the in-line arrangements differ but little in their pressure 
losses, though at small Reynolds numbers the staggered 
arrangement is more favourable. 

The rather striking result that, in all arrangements, 
the pressure loss falls when the tubes get closer together 
in the bundle, is elucidated by thoroughly examining the 
structure of the heat exchanger at varying tube pitch. 
Fig. 10 illustrates this structure for transverse flow and 
two different tube pitches. 

Since both lay-outs have the same volume v of 
through-flow, the unobstructed part /h of the frontal 
area must have the same value in both, because the 
velocities differ but little in the range of small pitches 
as seen in Figs. 1 and 2. Consequently, the total 
frontal area is larger with the smaller pitch because in 
it a larger proportion of the total area is occupied by 
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the tubes. Consequently, more tubes must be accom- 
modated in the arrangement with the smaller pitch. 
Leaving the length / of the tubes unchanged, and hence 
the number of tubes, it follows that closer tubes mean a 
smaller number of tube rows in a bank. With this 
reduction of the number of rows, the pressure loss falls 
in accordance with eq. (2). Fig. 10 also shows that 
small pitch equally reduces the bulk of the tube bundle. 
On the other hand, the conditions inside the tubes do 
not change due to a closer pitch, since diameter, length 
or number of tubes is not affected. In Fig. 10 the tube 
bundle is divided into three passes to approach the 
contra-flow arrangement. 
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Fig. 10. Comparison of two heat exchangers with tube 
bundles of different pitch ratios in transverse flow. 


Conditions in longitudinal flow are different. When 
the pitch is reduced, it is possible to accommodate 
more tubes in the same frontal area. In accordance 
with Fig. 2 smaller velocities are required and the 
frontal area is therefore increased, thereby reducing 
the length of the tubes. This influences also the in- 
ternal flow, so that in the search for optimum design, 
we must study both flows. E. Schmidt! has shown 
that the theoretical optimum tube pitch becomes so 
small as to be unattainable in manufacture. 

The order of Reynolds numbers of heat exchangers 
for steam boilers and gas turbines will now be estimated. 
Generally, the tube banks in steam boilers consist of 
tubes of 60 mm diameter. Customary flue gas velocities 
are about 8 m/sec. An average flue gas temperature is 
500°C and the kinematic viscosity at atmospheric 
pressure is 0°8 cm?/sec. Thus, a Reynolds number of 
6000 is normal. Heat exchangers for gas turbines are 
constructed of tubes of 10 mm diameter exposed to 
air flow of 20 m/sec. An average gas temperature of 
500°C is assumed and the kinematic viscosity at 
atmospheric pressure is again 0°8 cm?/sec. Hence, a 
Reynolds number of 2500 results. In practice, there- 
fore, heat exchangers operate in the smaller range 
of Reynolds numbers investigated. 

V. CONCLUSION 

In all tube arrangements and types of flow inves- 
tigated, the pressure loss falls with a reduction in the 
distance between the tubes. The bulk of the heat 
exchanger is reduced simultaneously and it is therefore 
appropriate to choose the smallest tube pitches prac- 
ticable from the point of view of manufacture or of 
keeping the heat exchanger clean in operation. 

Transverse flow is substantially better than longi- 
tudinal flow, particularly at small Reynolds numbers. 
The staggered and in-line arrangements of tubes differ 
but little. At small Reynolds numbers, the staggered 
arrangement is slightly more advantageous. 
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The Physical and Metallurgical Characteristics of Spot-Welded 
Titanium 


By M. L. BEGEMAN, F. W. MCBEE, JR., and J. C. FoNTANA. (From The Welding Journal, Vol. 30, No. 9, 
September 1951, pp. 429s-435s, 10 illustrations.) 


The means of fabricating titanium are not too well known. Only recently have investigations of any 
scope been made on its resistance welding. The information contained in this paper was collected in an 
effort to examine the properties and problems of spot welding commercially pure titanium. 


COMMERCIALLY pure titanium was used in all of the 
tests performed in this investigation. Physical proper- 
ties, as annealed, are : 


Hardness, Vhn Ss 2. a 175 
Ultimate strength, psi 70,000-80,000 
Yield strength, psi 45,000-55,000 
Elongation, % se aed a 20-30 
Area reduction, % .. e me 45-70 


This material does not respond to heat treatment, 
but it may be cold-worked to well above 100,000 psi 
tensile strength, with a consequent drop in elongation 
to about 12 per cent. The titanium was supplied in the 
form of cold-rolled sheet stock of three different gauges : 
22-gauge (0-031-in.), 24-gauge (0-026-in.) and 25-gauge 
(0-021-in.). 

Prior to welding, the sheet stock was sheared into 
components 2? in. long by } in. wide. These test 
specimens were then degreased with carbon tetra- 
chloride ; no further cleaning was deemed necessary. 
In the welding procedure, a lap of } in. was used to 
conform with good practice. In the long series of welds, 
intermediate spots were made on }-in. strip stock. 

Proper conditions for welding of these specimens 
were selected on the basis of results of previous inves- 
tigators, as well as previous studies made by the authors. 
The general rules of good spot-welding technique were 
followed throughout these tests. Used in making all of 
the welds tested were these settings : (1) squeeze time, 
20 cycles; (2) hold time, 20 cycles; (3) electrode 
closing rate, 3 fps; (4) throat depth, 12 in.; (5) horn 
gap, 8 in.; (6) electrode cooling water rate, 1-5 U.S. 
gal. per minute ; (7) electrode stroke, 0-25 in. 

Electrode-tip pressure or force was considered as a 
major variable, as were welding current and welding 
time, with electrode-tip force being considered the 
least important of the three. 

The procedure used in welding each of the three 
different-thickness materials was as follows : 

A preliminary test was first made using a tip force 
of 600 Ib and welding time of 6 cycles, both based on the 
results of previous investigations, while varying the 
welding current from 6720 to 18,400 A. From these 
data an optimum welding current was selected. Using 
this welding current, a series of welds was made varying 
the welding time from 2 to 16 cycles. Combining the 
above information, optimum welding time and welding 
current were used to make a series of welds with 
variable tip pressure and also the limited tip-life tests. 

In each case, 3 to 5 welds were made at each point. 
After fabrication of the welds, the indentation was 
measured and then the specimens were loaded until 
failure occurred in the universal testing machine. 

In the tip-life tests on a long series of consecutive 
welds, three test specimens were made at each point on 
the curve with the intermediate welds being made on 
strip stock. 


WELDING CURRENT 


Fig. 1 shows graphically the results of variable 
welding current upon the strength of the weld for the 
three thicknesses of material welded. As the welding 
current increased, the weld strength increased to a point 
near 12,000-13,000 A, after which it remained fairly 
constant to about 18,000 A when expulsion of the metal 
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WELDING CURRENT IN AMPERES 
Fig. 1. The effect of variable welding current upon the 
strength of spot-welded titanium, tip pressure 600 Ib, 
welding time 6 cycles. 





occurs between the plates. At this point the strength 
becomes erratic and drops off. 

These curves may appear misleading in that the 
strength of the 24-gauge material is approximately 
equal to that of the 22-gauge. This can be explained by 
the fact that the two materials came from different heats 
and had different ultimate strengths. 

The fact that satisfactory welds were obtained over 
the range of, say, 10,000 to 16,000 A is of note. This 
represents a change of 2:5 times as much energy in the 
latter as in the former, with a consequent change in 
strength of only about 10 per cent in all three cases. 

Optimum conditions were chosen as 12,880 A for 
22- and 24-gauge materials, while 10,860 A was chosen 
as optimum for 25-gauge. All of these were at or near 
maximum strength, but well below the point where 
flashing begins to occur. 

Indentation for this series of welds is shown in Fig. 
2. As can be seen, there was a constant increase with 
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Fig. 2. Influence of welding current upon indentation of spot- 
welded titanium, welding time 6 cycles, tip pressure 600 Ib- 
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increasing current. The indentation for all three 
materials was in the neighbourhood of 20 per cent at 
or near the optimum condition. This is obviously high 
and can be reduced by using flatter tips with a controlled 
contact area. Inthe event of indentation being of great 
importance, some strength might well be sacrificed in 
order to lessen indentation. 

Macrographs show very little change in weld 
penetration (which in all cases exceeds 80 per cent) 
with a change in welding current. The weld-nugget 
diameter, however, is increased. Sheet separation was 
normal in all cases and was only slightly increased by 
higher current values. All welds were free from porosity 
and appeared to have a good structure. 


WELDING TIME 

In Fig. 3 can be seen the results of variable welding 
time upon the strength of the weld. Here again the 
strength of the weld increases as the energy into the 
weld increases. However, the curves are flatter than 
those for variable welding current. Satisfactory welds 
were obtained in weld-time ranges of 6 to 14 cycles or a 
change in energy level of about 2:4 times. At or near 
16 cycles flashing again began, with the subsequent 
result of erratic strength and poor appearance. It is 
also apparent that the thinner the material the less effect 
a variation in welding time has on the strength. Optimum 
welding times were selected as 10 cycles for 22-gauge, 6 
cycles for 24-gauge and 6 cycles for 25-gauge. 


1600 
24 


22 


cs =&6» &© s & 
° 8 o oOo © 
oO ° °o te} 


25 GAUGE 


3 


uv 
fo} 
z 
g 
z 
Zz 
las 
a 
a 
“ 
° 
a 
Ww 
= 


900 


= 2 acetal ‘ a 
ors 8 10 2 16 


WELDING TIME IN CYCLES 
Fig. 3. Effect of varying welding time upon the strength 
of spot-welded titanium, welding current 12,880 A for 
22- and 24-gauge, 10,860 A for 25-gauge, all at 600 lb tip 
pressure. 

Indentation values of these welds with variable weld- 
ing time are quite similar to those obtained with variable 
welding current. 

The diameter of the weld nugget increased directly 
with a rise in welding time. As in the case of varying 
the welding current, penetration was high in all cases, 
and sheet separation normal. 


Tip PRESSURE 

Fig. 4 shows the results of tip pressure tests made 
at optimum conditions of 10 cycles welding time and 
12,880 A for 22-gauge material, and 6 cycles weld time 
and 10,860 A for 25-gauge material. 

Flashing and sticking occurred in each case from 
100 to 400 lb ; above this value, there was no tendency 
towards any visible change except that the diameter of 
the weld nugget increased. As can be seen from the 
curve, there was an increase in weld strength up to 
600 Ib for the 22-gauge titanium ; higher tip pressures 
caused a slight decrease in strength. The strength of 
the 25-gauge material was only slightly affected by the 
change in tip pressure. Indentation, of course, increased 
with an increase in tip pressure. 


Tip-LiFE TEsTs 
Limited tip-life tests were made on the 22-gauge 
and 24-gauge material. There was very little change in 
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Fig. 4. Variable tip pressure, its effect upon weld strength 
of 22-gauge and 25-gauge titanium at optimum conditions 
of welding time and welding current. 


strength of the weld over the two series. In the case of 
24-gauge, which appears to be the most erratic, the 
deviation was only 10 per cent from the average strength 
in the worst case. In both cases, the average strength 
of the welds is approximately equal to 85 per cent of the 
strength of a }-in strip of the metal used. 

There was no sticking or flashing in any case. The 
only change in the welds from the first to the last was 
the diameter of the spot, which increased as the tips 
deformed. Tip deformation was not excessive. 


TYPE OF FAILURE 


Although the tests performed were to test the weld 
specimens in shear, failure in all but a few was in a 
combination of bending and shear. As the load was 
increased beyond a certain point, a bending action took 
place which accelerated the failure and resulted in the 
metal being torn from around the weld nuggets. This 
type of failure is commonly called a plug tailure. Such 
failures, and those which were a combination of tear 
around and across the specimen adjacent to the weld, 
were quite common and indicated high strength. 


HARDNESS OF WELD 


Because so many of the failures were of the plug 
type, it was thought advisable to check the hardness 
across a weld and to determine whether or not there had 
been sufficient hardness developed in the weld nugget 
to cause embrittlement. In Fig. 5 is shown a hardness 
study across one of the specimens using a Tukon testing 
machine with a Vickers diamond pyramid penetrator 
and a 5-kg load. From the figure it can be seen that 
there was a definite increase in hardness in the weld 
area, but not of sufficient magnitude to cause embrittle- 
ment. Greatest hardness was obtained in the area across 
the centre of the nugget. It is possible that the increase 
in hardness of the welded area was a factor in causing 
the metal to fail by tearing around the weld. 

Further studies were made to determine whether 
either the welding time or welding current had any 
appreciable effect upon the weld hardness. Referring 
again to the specimen shown at the top of Fig. 5, hard- 
ness readings were taken at the centre of the nugget 
(indicated by a square) and near one side of the nugget, 
also on the centre line. The results of these tests are 
shown in Table I (see page 382). 

The 24-gauge material held the current constant 
but varied the welding time. Results show a slightly 
higher hardness at the centre than at the edge, but there 
is no appreciable change in hardness due to changing 
the welding time. In the 25-gauge material the welding 
current was varied, but in general the results were the 


(Concluded on page 382) 
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Abrasive Liquid Blasting 


By N. I. GORAYETSKI. (From Stanki 1 Instrument, Vol. 22, No. 7, 1951, pp. 27-31, 17 illustrations.) 


Experimental work on metal removal by blasting with an abrasive liquid was carried out at the ‘‘ Stalin” 

motor car factory. As a result of these experiments, a design of equipment for directing the abrasive jet 

onto the treated surface was evolved, utilising compressed air from an ordinary industrial distribution 
system, and the influence of individual factors on the process of abrasive liquid blasting was studied. 


TuHE installation for carrying out the experiments 
consisted of a small working chamber with a gun for 
directing the abrasive jet on to the treated part and of a 
reservoir containing the abrasive liquid. 

The working chamber was placed on the cross-slide 
of a lathe and could be displaced longitudinally and 
transversely either by hand or by means of the lead 
screw. 


The gun is secured to 
the wall of the workiag 
chamber by a ball joint 
which permits adjustment 
of the angle « (Fig. 1) 
between the direction of 
the jet and the surface 
to be treated. The limits 
of adjustment are between 
0 and 90 degrees. The distance / between the nozzle 
lip and the treated surface could also be adjusted within 
the limits of 5 to 100 mm. 

Movement of the cross-slide causes the gun to be 
displaced in relation to the treated component. When 
the treated surface is flat, the component is fastened to a 
holder fixed to the bed of the lathe. 

If the treated surface is cylindrical, the component 
is mounted on the faceplate and rotates while being 
treated. 

During the blasting of the component, the aperture 
of the chamber is tightly sealed by a cover and the air 
leaves the chamber through a large pipe. 

The abrasive liquid in the reservoir is agitated by a 
mixer rotating at a speed of 100 rpm. 
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The design of the gun first adopted is shown in Fig. 2. 
In order to determine its dimensions, a number of 
experiments was carried out to find the speed with 
which the abrasive liquid was sucked in and the rate of 
removal of material in relation to the diameter d of the 
air nozzle, the diameter D of the jet nozzle, and the 
distance b between the exits of the air nozzle and the 
jet nozzle. 

The experiments were carried out with an arrange- 
ment shown diagrammatically in Fig. 3, in which the 
liquid is sucked in through a height of either 400 mm or 
1000 mm, and the pressure in the compressed air 
distribution system is either 5:5 or 5°0 atmos. gauge. 
The abrasive liquid consisted of an abrasive sus- 
pended in a 5 per cent soda solution. The abrasive 
used was silicon carbide of small particle size. The 
ratio of wet abrasive to liquid was 1 to 1:2 by volume. 
The specific gravity of the abrasive liquid was 
1°83 gr/cm3, 

Treatment was applied mainly to flat surfaces of 
components made of steel having a Rockwell C hardness 
of 58 to 62 after heat treatment. 

The experiments have proved that the quantity of 
abrasive liquid which is sucked in by the gun and fed 
to the treated surface cannot be used as a measure of 
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the intensity and rate of metal removal. Thus, for 
instance, at a diameter of the air nozzle of 5-8 mm, the 
increase in diameter of the jet nozzle from 9°5 to 12 mm 
increases the liquid flow from 0°67 to 1°7 litre/min, 
(i.e., 2°5 times) whilst the removal of metal simultaneously 
falls from 85:2 to 63 milligrams/min (i.e., by 26 per cent). 
This is explained by the considerable reduction in the 
speed of the abrasive liquid jet (40 per cent) issuing from 
the gun which accompanies a much lower reduction in 
the kinetic energy (7 per cent) of the abrasive liquid. 


COMPRESSED AIR 
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(1) Working chamber ; (2) gun ; (3) component ; (4) abrasive liquid. 


The analytical prediction of the speed and kinetic 
energy of the abrasive liquid jet can be carried out on the 
basis of experimental data, allowing for the assumption 
that the mixing of the liquid sucked in with the stream 
of air takes place while the total momentum is maintained. 

Results obtained in this manner are approximate, 
insofar as such a calculation neglects losses and, as 
experiments prove, complete mixture of the two streams 
was not achieved in this case. Nevertheless, the 
experiments carried out provide a foundation for the 
assumption that the effectiveness of metal removal 
depends not only on the kinetic energy of the jet, but 
to a considerable degree also on the speed of the 
abrasive particles. It follows that it will be advantageous 
to increase the speed of air flow and to employ a divergent 
air nozzle. 

The increase in the diameter of the jet nozzle 
(keeping the air nozzle diameter constant) first increases 
the rate of removal of metal, but beyond a certain 
limit the rate of removal falls in spite of a continuing 
increase in the quantity of pumped liquid. 

The efficiency of blasting depends on the kinetic 
energy and the speed of the jet. As the analysis shows, 
maximum productivity can be obtained when the 
weight of the abrasive liquid flow through the gun is 
less than, or equal to, the weight of the air consumed by 
the gun. When liquid weight exceeds air weight, both 
speed and kinetic energy of the jet are reduced. 

Investigating the optimum relation between the 
sectional areas of the jet nozzle and air nozzle, this was 
found to be within the limits of 2°8: 1 and3:1. In 
this condition, the weight of abrasive liquid flow was 
approximately 20 per cent below the weight of the 
consumed air. Air consumption was determined experi- 
mentally by means of a sharp-edged orifice in accordance 
with the standard rules of measurement of gas flow. 

An increase in the diameter of the air nozzle together 
with an appropriate increase in the jet nozzle diameter 
(maintaining a constant ratio of sectional areas) increases 
the rate of metal removal, since, with an increase in the 
sectional area of the air nozzle, the air consumption 
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increases and the jet of abrasive liquid at the exit from 
the gun will have a larger kinetic energy. The air 
nozzle diameter used was between 5°2 and 5°8 mm. 

The increase in the distance b between the end 
sections of the air nozzle and the jet nozzle first increases 
the rate of metal removal, but, beyond a certain limit, 
reduces this rate as shown in Fig. 4. On the basis of 
the tests carried out, the distance 6 was held at 30 mm. 
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D 93mm; d 52mm; / 30 mm; & 
Pp 5-25 atmos. gauge; H 1000 mm. 


60 deg. ; 


The comparison between the method of feeding the 
abrasive liquid by means of the gun and the method of 
feeding the liquid under pressure of compressed air 
(in accordance with the diagram of Fig. 5), in both 
cases through a cylindrical nozzle of 5°8 mm dia., has 
shown that at the same air pressure and composition of 
the abrasive liquid, the second method yields half the 
rate of metal removal of the first and requires a liquid 
flow 52 times larger. 
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Fig. 5. 
(1) Reservoir ; (2) reducing valve ; aia chamber ; (4) nozzle; 
(5) tan! 


The reason for the reduction in the rate of metal 
removal in feeding the liquid under air pressure without 
the use of a gun is that in this method the abrasive 
particles attain a much lower velocity. However, in 
comparing different variants of feeding the abrasive 
liquid to the gun, the following facts were established :— 

(1)The rate of metal removal in sucking the abrasive 
liquid from the reservoir situated below the level of the 
gun is the same as that observed with an alternative 
arrangement when the abrasive liquid is fed to the gun 
by gravity from a raised reservoir. 

(2) The rate of metal removal is increased on the 
average by 27 per cent when the abrasive liquid is fed 
at a pressure of 1 atmos. gauge. Further increase of 
feeding pressure ceases to affect the rate of metal removal 
but the flow of liquid continues increasing and, at 4 
atmos. gauge, reaches 12 litres/min. 

(3) Feeding the abrasive liquid under low pressure 
(of the order of 0°2—1 atmos. gauge) improves the 
uniformity of the mixture of the abrasive liquid with the 
air throughout the section of the jet and thereby assists 
a more uniform removal of metal. 

It should be noted that feeding the abrasive liquid 
to the gun under large air pressure has the grave dis- 
advantage of necessitating a re-charging of the reservoir 
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with abrasive and thereby reduces productivity besides 
complicating the installation. 

However, feeding under low pressure can be 
accomplished by means of an additional ejector pump, 
fed with compressed air from the general distribution 
system, or by a special pump, without disturbing the 
continuity of the process. 

The dependence of the rate of metal removal on 
the pressure of the compressed air which feeds the 
gun is shown in Fig. 6. The rate increases with a rise 
in the pressure of the compressed air because the 
consumption of compressed air increases and hence also 
the kinetic energy of the jet from the gun. 
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Fig. 6. Fig. 7. 
i— 5mm; &@ = 90 deg. ; ? = 20mm; p ~— 5°5 atmos. 
H — 400 mm. gauge; H - 400 mm. 
The dependence of the rate of metal removal on the 
angle « between the direction of the jet and the treated 
surface is shown in Fig. 7. With an increase in the 
angle from 15 to 45 deg., the rate rises sharply at first 
and then gradually. Further increase in the angle from 
45 to 90 deg. reduces the rate of metal removal gradually 
at first and then sharply. 
The dependence of the rate of metal removal on the 
distance 7 between the jet nozzle exit and the treated 
surface is shown in Figs. 8 and 9 at different angles «. 
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In all cases, an increase in the distance / sharply 
reduces the rate of metal removal. This can be 
explained by the rapid fall in the speed of the abrasive 
particles after leaving the gun. A considerable influence 
on the rate of metal removal is exercised by the particle 
size and the concentration of the abrasive liquid. 
Increase in particle size of the abrasive increases the 
rate of metal removal, but the reduction of concentration 
of the abrasive liquid from 1 : 1:2 to 1 : 4 progressively 
reduces the rate of metal removal. 

The preservation of geometric accuracy and surface 
smoothness in abrasive liquid blasting depends on the 
uniformity with which metal removal takes place. 

Tests carried out have shown that metal removal in 
abrasive liquid blasting by means of a gun of the type 
shown in Fig. 2 does not proceed uniformly. The 
process also produces an uneven surface quality. In 
Fig. 10 the profiles of the craters formed in this process 
are shown. Data on the distribution of surface rough- 
ness throughout the blasted surface for the case of a 
stationary component and gun indicate that, where the 
removal of metal is greatest, the worst roughness occurs. 
In spite of the small particle size of the abrasive, the 
roughness at the points of quickest metal removal 
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Fig. 10. 


reaches Hrms = 2°75 and exceeds the original rough- 
ness of the surface. The depth of the crater in blasting 
heat-treated steel for 5 minutes has in a number of 
cases exceeded 1°5 mm. 

The basic causes of unevenness in the rate of metal 
removal are as follows :— 

(1) Incomplete mixing of the abrasive liquid with the 
air throughout the section of the jet. 

(2) Change in distance between different points of 
the exit section of the jet nozzle and of the blasted 
surface. 

Experiments have shown that the mixing of the 
abrasive liquid with the air is improved when feeding the 
abrasive liquid through the central nozzle leaving the 
air to enter through the annular orifice around the central 
nozzle. With a jet nozzle of round section, those parts 
of the surface situated nearer to the centre of the nozzle 
are, however, subject to a concentration of abrasive 
liquid. 

To improve the uniformity of metal removal in 
blasting, guns with a square-section jet nozzle were 
developed. 

Experiments have shown that with a reduction in the 
height of both the section of the air nozzle and that of the 
jet nozzle, the uniformity of mixing between the abrasive 
liquid and the air is improved. For this reason, guns 
with slot-shaped section were tried, which produce a 
broad and thin jet. 

Feeding the abrasive liquid to the gun was carried 
out at low pressure (0°25—1 atmos gauge). 

_ Uniform movement of the component relative to the 
jet nozzle ensures uniform metal removal and uniform 
smoothness throughout the treated surface. 

In Figs. 11 and 12, guns of two types having rectangu- 
lar section nozzles are shown, which were tested in 
these experiments. 

_ One type of gun (Fig. 12) has the liquid fed to the 
inner nozzle and the air to the two slots below and above 
the liquid nozzle. 

In the alternative type of gun, the air and the liquid 
are fed through channels separated by a plate. In 
both types, the sectional areas of the air nozzle and the 
jet nozzle were the same as those adopted with round 
nozzles, but a considerably greater width of blasting was 
achieved. 

The gun shown in Fig. 12 consists of two halves 
and an intermediate plate bonded with an adhesive. 
Compared with its alternatives, this design ensures the 
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attainment of the required dimensions of the cross- 
sectional areas of the nozzle with greater precision, 
owing to the use of grinding. Such precision has been 
shown by experiments to be an important condition 
for the achievement of uniform metal removal. 

Surfaces blasted by a gun of the first type had an 
uneven roughness, because it was impossible to attain a 
constant height h of the nozzle sections, whereas no such 
unevenness was observed with the second type of gun. 
The employment of the slot type nozzle enables the 
blasting of narrow surfaces in a single run. 

Similarly to the slot-type nozzle for the blasting of 
flat surfaces, a gun with an annular jet nozzle can be 
used. In this arrangement, the component can be 
displaced relatively to the nozzle either purely axially or 
with the addition of a rotating motion. The direction 
of the jets is determined by a fan-like arrangement of the 
jet nozzles inside the gun. 
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It has been established on the basis of experiments 
that at the same particle size of the abrasive, the surface 
smoothness left by the blasting depends on the smooth- 
ness and on the orientation of the jet to the machining 
marks left by previous machining. The results of 
experiments with the blasting of heat-treated steel 
components with an abrasive of small particle size after 
one traversal under a rectangular nozzle show that 

(1) surfaces of different roughness blasted under 
identical conditions have their difference in roughness 
increased ; 

(2) orientating the abrasive liquid jet at right-angles 
to the machining marks left over from previous 
machining helps to attain, after blasting, a lower rough- 
ness than if the jet were oriented parallel with the 
machining marks. 

In the process of blasting by a directed jet, the 
abrasive particles gradually cut off the peaks of the 
existing undulation and themselves create valleys on 
the treated surface. The result of this process is, as it 
were, a reproduction of the undulations with cut-off 
peaks. 

Observation of the surface gives the impression that 
the undulations are considerably rounded off and dis- 
placed in the direction of jet movement. This is 
particularly noticeable after blasting of rough surfaces by 
a round nozzle with considerable removal of metal. 
When the angle between the jet and the treated surface 
is reduced and the rate of removal is small, the 
phenomenon described above is less pronounced. It is, 
therefore, recommended that the angle of jet inclination 
should be of the order of 30 deg. 

Looking upon the pos blasted by a round 
nozzle without relative movement between nozzle and 
treated surface, we observe regions adjoining the original 
ground surface with a high degree of surface smoothness 
such as Hrms = 0°05 » (with a smoothness of the 
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ground surface of Hrms 0°8—1'0 »). However, it 
was not found possible to obtain this smoothness all 
over the surface. 

As a result of blasting, crushing and other defects of 
macro-geometry become more pronounced and cracks 
are made more easily visible. 

CONCLUSIONS: On the basis of work carried out, it 
is possible to arrive at the following conclusions :— 

(1) One of the basic factors on which the effectiveness 
of blasting by liquid abrasive depends is the trans- 
formation of the potential energy of the compressed air 
into the kinetic energy of the jet of abrasive liquid by 
means of a gun. Not only the kinetic energy of the jet, 
but also the velocity attained by the abrasive particles, is 
of considerable importance in this matter. 

(2) The kinetic energy of the abrasive liquid jet and 
the speed attained by the abrasive particles depend not 
only on the pressure and consumption of compressed 
air fed to the gun, but also on its design and dimensions. 

(3) The jet of abrasive liquid emerging from the 
gun possesses a relatively high cutting capacity. 

(4) In blasting with abrasive liquid, it is possible to 





attain a good surface quality and achieve a uniform 
removal of metal, provided the preceding machining 
operation has left a surface of sufficient smoothness. 

(5) To ensure a uniform rate of removal and 
evenness of surface smoothness throughout the treated 
surface, a slot-shaped nozzle should be employed; its 
shape should be adjusted to the contours of the treated 
component ina direction at right-angles to the motion 
of the gun. 

(6) The experimental data obtained do not give 
reason to believe that the application of blasting by 
liquid abrasive will increase the efficiency of final 
machining in comparison with known methods (lapping 
by abrasive bar, mechanical polishing by abrasive 
strip and others). However, this form of treatment is 
undoubtedly effective in the machining of complicated 
components and surfaces which are difficult to reach by 
other means. 

(7) The effectiveness of the application of blasting by 
abrasive liquid can be verified in each particular case 
with the help of the simple experimental test rig 
described in this article. 






Cams and Followers for High-Speed Internal Combustion 
Engines 


By E. FUHRMANN. (From Maschinenbau und Wdrmewirtschaft, Vol. 6, No. 8, August, 1951, pp. 126-134, 
9 illustrations.) 


(Concluded from October issue) 


Pressure at points A and C : The contact pressures 
are determined by Hertz’s formula. According to 
Zemann, it is also valid with fluid friction, but tests 
would be required to confirm that this formula is 
applicable in all cases as regards valve gear. 

The sliding surfaces of the cam and follower are 
pressed together, during the rising motion (positive 
acceleration of follower), by the accelerating force of 
the follower and the spring force ; and on the nose of 
the cam (negative acceleration of follower) by the 
difference between the spring force and the force 
causing negative acceleration. The formula derived by 
Hertz for the maximum pressure of contact of two 
cylinders is 


PE ;1 1 
Dp oais, | — (- | -) [kg/cm] .. (13) 
i. p s 


where P force of pressure [kg] ; L = width of 
cylinder [cm] ; FE = 2° 10° [kg/cm?] = modulus 
of elasticity ; p and s = radii of cylinders [cm]. Some 
authors use the mean pressure p,,, which is related to 
maximum pressure by the expression : p,, = 7p/4. 

The force P in eq. (13) can be replaced by the spring 
force plus the inertia force. This gives the maximum 
pressure on the flank of the cam : 


1 1 1 
Dp ats |— (F + m.b)( - ; -) (14a) 
iL p s 


At the point A, the maximum pressure p occurs at the 
maximum cam-shaft speed mmax, whereas at C it occurs 
at the camshaft speed 0. On substituting these 


values in eq. (14) the following expressions are obtained : 
1 1 1 

Pa ais | — (Fy ++ m,r, k? w*) (- jo (14b) 
iL Pa s 


1 : aA 
Pc ota | — F{ — -) «« S@ige) 
iL Pc Ky) 





For floating cams, the pressures at points A and C are 


1 1 1 
Pa arte | rm. (— -) (14d) 
iL PA 4 
1 re 1 
Pc = etd be, | — ram, (— } -) .. (14e) 
iL Pc AY 


For a given valve lift, the cam flank stress is not always 
more favourable with a flat follower than with a round 
follower, as suggested by BENSINGER. The shape of the 
follower affects only the expression [(1/pc) -}+ (1/s)] in 
eq. (14). This expression has a minimum value for a 
certain value of the roller radius s. Substituting for 
pc from eq. (11c) and equating the first derivative to 
zero, we obtain 
s = (u + th)?/[2tk? r. — (u + th)] .. (15a) 

The minimum pressure on the cam flank is obtained 
with this value for s, which gives 

[(1/pc) + (1/s)]min = 42? r2/(u + ih)? — (15b) 
The pressure on the cam flank is smaller with a round 
follower if [(1/pc) -+ (1/s)]min from eq. (15b) is smaller 
than the value of the corresponding expression for flat- 
footed followers (s = oo) determined by means of eq. 
(12c). Thus, the round follower will give smaller 
pressures if 

4ik® r./(u + th)? < 1/[u + ih — ik*r,] 
or ik® ry = tbc/w? 2 (u + th)/2 <« (Se) 
The limits within which this applies are indicated in 
Fig. 5*. Only a part of this area is available, however, 
since it also includes hollow cams. 


APPLICATIONS 


Figs. 6* to 9 show the acceleration b,, the terminal 
spring forces F,, and the pressures p, and Pos plotted as 
functions of the diagram ratio h,,/h of the displacement 


*See October issue, page 342. 
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diagram for specific values of the parameters: % = 
63 deg., k = land 1°43, « = 0110 0°4, s/h 2 and 
o,u/h =~ 1'43to 33, andi — 1. These figures clearly 
show the general trend of the variation, which remains 
similar in other cases, although the actual numerical 
values will be different. For automotive engines, which 
are used as a basis for these applications, generally the 
valve opening angle «, is between 56 deg. and 72 deg., 
e is between 0:2 and 0°4, s/ih varies from 1°4 to 5:0, and 
u/th from 1:2 to 4:0. In other fields, however, for 
instance for the cam mechanisms of radial engines 
(for which the above formulae also apply), u/ih = 15 isa 
representative value. 

Large opening angles %» and small valve lifts h are 
always favourable as regards the mechanical loading of 
the cam system, but limitations arise owing to other 
requirements of the engine. 

Cam shapes constructed from circular arcs: These 
cams are obtained when flat-footed followers are used 
and k = 1 is substituted in eqs. (12d) and (12e). The 
acceleration at point A rises steeply for larger diagram 
ratios or smaller acceleration-interval ratios t, as shown 
in Fig. 6. However, the pressure pa remains approxi- 
mately constant (Fig. 7) for all values of rt. The 
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Fig. 7. Pressure at point A. 


acceleration b, is not, therefore, a measure of the loading 
imposed on the cam in its rising portion, and this is in 
agreement with the results given by DENKMAIER. It is, 
however, necessary to consider its mass effect on the 
intervening gear between the follower and the valve. 
The pressure p, is not appreciably affected by either the 
spring force ratio « or the base circle radius u. The 
initial pressure p, is always smaller than the tip pressure 
Pc (see Fig. 8). With zero-lash operating conditions 
(no impact load at A), the cam peak is more heavily 
loaded than the side, which agrees with experience. 
For pc, the diagram ratio h.,,,/h and the base circle radius 
are of critical importance. Floating springs have large 
e-values (Fig. 6). 

The circular-arc cam can be compared with cams of 
more general shape having the same lift diagram factor, 
by referring to Figs. 6-9, in which the values for flat 
followers and k = 1°43 are also plotted. For k = 1°43 
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Fig. 8. Pressure at point C for flat-footed followers. 


the acceleration b, is up to 25 per cent greater. The 
terminal spring force Fc is smaller, about 50 per cent 
lower for small e-values. Although pa is only reduced 
very slightly, on average pc is 20 per cent smaller. 
This estimation for pc is for the maximum pressure at 
the camshaft speed » = 0. At higher speeds, the 
favourable effect of larger k-values on the pressure pc 
is more pronounced. The displacement curves for 
k>1 offer particular advantages in regard to the 
terminal spring forces with steep spring characteristics 
(small e-values). This makes possible the design of 
floating cams with steep springs, resulting in high natural 
frequencies. 


Remarks on shape of follower : In connection with 
eq. (15a), in order to be able to assess the infiuence of the 
follower radius s, the pressures pq and pc are given for 
s = 1 in Figs. 7 and 9. The value of p, is about 60 per 
cent higher than with a flat follower, but still below p¢ 
for the round follower. Two boundary lines are 
included in Fig. 9 to indicate the regions for hollow cams 
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Fig. 9. Pressure at point C for round followers. 
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and for smaller pc values with flat-footed followers. 
The space left available for the round follower is there- 
fore small, and corresponds to low diagram ratios and 
small initial accelerations. The flat-footed follower is 
thus superior to the round follower for large diagram 
ratios h,,/h, and the range of application of the latter is 
limited. 

Other design requirements are also of importance 
in the choice of the follower shape. The round follower 
must be secured to prevent rotation, and this puts up its 
cost. However, it is lighter, since it is narrower than 
the flat-footed follower, which requires more space. 
The side thrust is smaller with flat followers, so that 
less friction occurs on the guides. Round followers 
designed as revolving rollers are costly and heavy. 
They seem suitable only for low speeds of rotation, 
inasmuch as at high speeds the roller is unable to 
follow the variations in speed and tends to skid. For all 
these reasons, the flat-footed follower is extensively 
employed in high-speed cam mechanisms, and round or 
roller type followers are used only in excep- 
tional cases. 


TABLE I. 


preload a value of « = 0°3 will be assumed. The valve 
lift parameters for a floating cam will then be : 


Angle of vectors [centre portion of - 3, or eqs. (7) 


and (3b)] : ka/7 = 0°45 5 k= sh 
— [Fig. 5 or eqs. (3a) and ot: = 08 x 46 
368em ; r,= 08 x 14= ey 
pci at point A [eq. (5c)] : 5b, = 33 x 10! 
cm/sec?. 
eS diagram ratio [Fig. 3 or eq. (6)] : 


In order to take account of the effect of friction, the 
theoretical limit for engine speed will be taken about 
10 per cent greater than the maximum permissible 
value, so that mtneor = 5,000 rpm. The corresponding 
angular velocity of the camshaft is w, = 262 rad/sec, 
and w*, = 69 104 (rad/sec)*. The calculations 
relating to this cam shape are given for four different 
cases in Table 1. 


COMPARATIVE CALCULATIONS FOR A GIVEN CAM SHAPE. 





Radius of base circle: The base circle 
radius u has a considerable influence on the 


Type of follower 


Round follower 


Flat-footed for minimum 











cam shape and, therefore, on the pressures Saves seid welled 

(Figs. 8 and 9). With decreasing values of u, Rocker-arm transmission f=1]/f = 0-65|¢ = 1] i = 0-65 
cam: Ww 

hollow s are obtained more rapidly with Mass force at follower my ba/i kg 99 107 99 107 


round followers, and pointed cams with 


Terminal 5 8 force Fc (eq. 9a) | kg | 37°8 26°5 37-8 26°5 


flat-footed followers (see Figs. 4and 5). This Spring preload F kg 11:3 8-0 | 11:3 8-0 
results in a steep rise in pressure at the Follower radius s (eq Ayrod ‘ie o -. :. lens 18-0 
nose with flat followers (Fig. 8), which is Rad: of curvature at C (eq. 12c) pel em |0-57| 0-93 | 0-94| 1-0 
less marked for round followers (Fig. 9) and Pressure at point A (eq. 14d) pa | kg/cm?| 2600 | 3160 3360 | 3400 
also at the beginning of the displacement Pressure at point C (eq. 14e) pc | kg/cm?! 5000! 4080 | 4300 | 4020 





curve (Fig. 7). To avoid hollow cams and 

high peak pressures, the base circle radius can be 
increased, although this increases the space taken up 
by the cam. 


Transmission ratio of follower motion to valve motion : 
For a constant value of the valve lift h, the follower lift 
ih can be reduced by means of the transmission ratio 7. 
When i<1, the proportion of the reduced masses will be 
greater on the follower side and smaller on the valve side. 
This produces a smaller terminal spring force and a 
greater mass force on the follower. The pressure at the 
nose of the cam will only be smaller if the improvement 
in the cam shape outweighs the effect of the increased 
masses on the follower side ; otherwise, a higher pressure 
will be obtained. With the usual valve lift diagrams, 
the pressures at the nose decrease with smaller i-values 
for flat-footed followers, whereas they remain constant 
or rise slightly with round followers. 

In studying the effects of the follower motion to 
valve motion ratio, it is insufficient to consider (see 
F. R. ScHMiIpDT) conclusions obtained by reducing the 
entire cam shape. The pressures will then naturally be 
greater when i<1. For the same amount of space 
required (this gives a correct view of the problem), 
the base circle can even be increased, in conjunction 
with reduced displacement of the follower, and this 
results in lower loadings under certain conditions. A 
further point to bear in mind is the effect of a different 
follower ratio on valve clearance. 


NUMERICAL EXAMPLE 


It is required to design a cam mechanism for a 
four-stroke automobile engine on the basis of the 
following data :—Maximum permissible engine speed 
Nmax = 4500rpm. Total mass of valve gear components 


m= 3 10°* kgsec?/cm ; with m/2 on the valve side, 
this gives m, = m(i? + 1)/2.  Half-angle of valve 
Opening XK 63 deg. Valve lift h = 08 cm. Base 


circle diameter u = 1°}6cm. Cam width L = 1:0 cm. 
To obtain a full valve displacement diagram, a small 

value of t = 0:2 will be chosen. The terminal spring 

force is expected to be small, and to obtain sufficient 
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The pressure at the nose, for a round follower with a 
transmission ratio i = 0°65, is slightly smaller than for a 
flat-footed follower. “Manufacturing considerations lead 
to the selection of case 2, viz., a flat follower with a 
rocker-arm transmission, for production. For this 
preliminary comparison, slide-rule accuracy is sufficient. 
For the production of the master cam, the valve lift 
values should then be calculated for one-degree intervals 
with values accurate to 0:0001 cm. 

Usual values for maximum pressure are in the 
neighbourhood of 4500 kg/cm. According to EBERAN, 
a maximum permissible pressure of 6000 kg/cm? can 
be reached. 
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SWEDEN 


Some Aspects of the Thermal Short-Circuit Strength of 
Electrical Equipment 
By I. Hertitz. (From ASEA Journal, Vol. 24, No. 5-6, May-June 1951, pp. 84-89.) 


This article contains proposals for formulating guaranteed data relating to thermal short-circuit strength 
and indicates how the adverse effect of stray losses and beneficial effect of the heat capacity of insulation 
may be accounted for in simple formulae. 


HITHERTO the guaranteed data relating to thermal short- 
circuit strength have been stated in terms of the current 
(short-time current) which the equipment in question 
can withstand for a certain period. In the Swedish 
standard specifications SEN 11, this period has been 
standardised and is one second, whereas in other 
countries, periods of both 1 and 5 seconds are used. 
With the aid of this information the user is able to 
calculate the maximum permissible current for any 
other period, or the maximum permissible period for 
any other current by applying the law J? t = constant. 

This is probably the most appropriate method in 
many cases. However, for certain equipment the per- 
missible current may be limited for reasons other than 
overheating, for instance, breaking capacity, mechanical 
strength, etc. It may then happen that if this maximum 
current is to be withstood for a longer period than the 
standardised time, the short-time current stated will 
exceed the maximum permissible current. For instance, 
in the case of a circuit breaker with a breaking capacity 
of 10,000 A, which is to withstand this current for 4 
seconds, the short-time current during one second would 
be 10,000 / 4 = 20,000 A. 

For such electrical equipment, it is therefore more 
suitable to quote the longest period t;, during which the 
maximum permissible current can be carried. 

The Swedish standard specifications allow for 
verification of the guaranteed data by measurement of 
temperature rise, whereas the majority of foreign 
standard specifications are based entirely on calculated 
values; the latter method appears to be preferable 
owing to the difficulty of making accurate temperature 
measurements. 

This method, however, also calls for more complete 
calculation formulae than those quoted in SEN 11, in 
which the increase in temperature due to eddy current 
losses and the temperature reduction due to thermal 
conductivity of the insulation are both disregarded. 

Usually the formulae are expressed in such a manner 
that they indicate the temperature rise for a certain 
current density and a certain period of time, but as the 
maximum permissible value of the temperature rise is 
stipulated, it is usually more convenient to let the 
formula express the permissible current density—and 
hence the requisite area for a given current—for a given 
period or the permissible period for a given current 
density. In actual practice it is considered permissible 
to make quite liberal approximations in order to arrive 
at a formula of adequate simplicity. 

It is then convenient to assume a constant generation 
of energy corresponding to the effective resistivity at 
the mean temperature during the period of heating. 
If ©, is the initial temperature, 9, the ultimate tem- 
perature and f,, the ratio between the stray losses and 
the d.c. resistance losses at the mean temperature 
$(@, + @,), we get for copper (see Appendix) 


es J 6-8 1 
s4/ t = 320 
470 + 6, + 6, 1 = Pan 
where s = current density and ¢ = time of application. 
The stray loss factor is usually known for 75° C, 


this being the temperature at which the guaranteed 
losses are stated, which therefore gives 


620 = 
Te = os ie Seem fis 
470 + 0,+ 9, 
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This formula agrees with that in SEN 11, except 
that a correction for stray losses is added and that in 
SEN 11 a value of 315 is quoted instead of 320. 

A comparison between the approximate formula 
as given above and the exact one (see Appendix) gives 
the following result, assuming an initial temperature 
of 95° C, which, according to the standards, is per- 
missible for insulation of class A: 


6,— 9, Error in per cent for 
fn = 0 ie 05 

100 — 03 + Or1 

200 —09 '- 0-2 

300 —17 }- O'4 


When calculating + for a given value of s the error 
will be doubled as a result of squaring, but as the 
temperature rise will rarely exceed 200° C, it is evident 
that the accuracy obtained is quite adequate. 

The effect of the insulation is complicated by the 
poor heat conductivity, which makes for very slow 
penetration of the heat through the insulation. It has 
been shown that the “ effective penetration depth ” 5, 
for short periods of time is expressed quite accurately 


by 
X 
075 | us a (6) 
2 


where A is the heat conductivity of the material and c’ 
its specific heat. For ordinary insulating material, 
with dimensions expressed in mm, c’/A ~ 25, which 
gives 
b ~ O15 Vt 

i.e., only 0°15 mm after 1 sec., 0°35 mm after 5 secs. 
This formula may usually be applied with reasonable 
accuracy until b; has reached about 75 per cent of the 
true thickness, after which further temperature rise 
occurs approximately at the rate corresponding to full 
utilisation of the insulation. 

This method affords a simple means of allowing for 
the effect of the insulation with fair accuracy, the only 
drawback being that the simple expression for con- 
version s \/t = constant no longer applies and that, 
therefore, it is not sufficient to have only one set of 
values for s and t. 

On the other hand, when the short-circuit ceases, 
an equalisation of the temperature within the insulation 
takes place very rapidly compared with the main cooling, 
and one may therefore be tempted to assume a certain 
penetration which is independent of time. This would 
mean that when calculating the values corresponding 
to longer periods one would be on the safe side, and for 
shorter periods one could disregard the additional tem- 
perature rise. 

In order to be able to judge the effect of making 
such an approximation it is necessary to investigate the 
temperature cycle and the effect of the temperature on 
the insulation, and in this connection it is particularly 
the cooling cycle which is of importance. 

The rate of cooling, provided it is unaffected by 
the insulation, is practically exponential with a time 
constant J which usually amounts to a few minutes. 
In the case of a transformer, 10 minutes represent a 
reasonable average value, slightly on the safe side, in 
view of the fact that the time constant diminishes with 
increasing temperature owing to improved cooling. 
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It is usually accepted that the rate at which an 
insulating material deteriorates is doubled for each 
8 C temperature rise. Assuming that this is so, and 
integrating the excess deterioration caused by an ex- 
ponential cooling cycle with time constant 7 and 
measured from the excess temperature #, (the symbol # 
is used to denote excess temperature above a certain 
normal temperature, as opposed to the actual tempera- 
ture © measured in degrees C), it will be found that this 
is equivalent to the deterioration occurring at the 
temperature #, during a period t, = k, T, where k, 
represents a somewhat complicated function of #, 
which, for low values of #,, is (9, log 2)/8 = #,/11°5, 
reaches a maximum value of 0°52 for #, ~ 155 x 115 
= 17° Cand which for #, > 30° C (i.e., the range which 
is of primary interest in this case) does not exceed the 
value 15/%,, falling to the limiting value 11:5/%, at 
about 100° C. This consequently gives 


15 
t.~ —T 
oe; 


We now make the assumption that #, has been calcu- 
lated for a heat capacity of the insulation amounting 
to x times that of the conductors at full penetration, 
but that heating has occurred so rapidly that no heat 
has had time to penetrate the insulation during the 
heating period. The temperature will then reach a 
peak value 


3,o = 8, (1 + «) 


When the short-circuit ceases, the excess tem- 
perature disappears before any appreciable dispersion 
of heat to the surroundings can be noticed. The pro- 
cess may with reasonable accuracy be regarded as 
exponential and as having a time constant* 


1 t. 
‘ ¢eeee 
3 1+x 


, 


c 
where t,- —b 

A 
the thickness of the insulation being b. 


By the same reasoning as above, this gives an 
additional deterioration of the insulating material cor- 
responding to a service temperature of #, for a period of 
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15 
Lt Se 7 + 2’ 
o, 


In this manner the effect of the excess temperature 
is accounted for by an increase in the main cooling time 
constant. Provided that the conditions are not com- 
plicated by making the maximum permissible tempera- 
ture dependent on the cooling time constant, it may be 
considered permissible to let 7J’’ amount to 1 to 2 
minutes. 

Assume, for example, that 6 corresponds to the 
depth of penetration after 5 seconds, which would imply 


that 
A 
b 075 | — is 
° 


*A derivation of this formula is given in the original article— 
Editor E.D. 


we get 
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c’ 
ts — 5? = 075° x 5 = 2:8 
A 
0-9 
a” 





l+« 
In the case of class A insulation the maximum per- 
missible temperature would be 200° C, which would 
give a temperature rise of 3, = 105°C for an initial 
temperature of 95° C. For various values of « we then 
obtain 
x = 03 04 05 06 
FE U= 06 1:0 1:9 38 
It appears that « = 0°5 gives a reasonable value. 
In practice this would mean calculating with an in- 
sulation thickness of max. 0°35 mm and also a maximum 
«-value of 0°5. Starting from an assumed permissible 
value of 7’ it would also be possible to calculate the 
maximum permissible value ¢,, and hence }, as a 
function of « and thus obtain the maximum thickness 
of insulation for various conductor dimensions of the 
most commonly used types of conductor—round wire 
and copper strip. For round wire and an assumed 
specific heat per unit volume of the insulation % that of 
the copper, the following results are obtained. 


Diameter of wire, mm 0:2 05 1 Po 
Maximum thickness 

of insulation, mm _ 0:06 0°12 0:2 0°35 
Corresponding « value 1 08 065 05 


A somewhat higher current would therefore be 
permissible in the case of the very smallest dimensions, 
but this increment is barely sufficient to justify such a 
complication. It should be noted that an increase in x 
from 0°5 to 1 only allows the current to increase in the 
ratio 2/15 = 1°15. 

Thus, the final result is expressed by the following 
simple general formula :— 





6,— 9, 1+ « 

s4/ t = 320 ; 

470 | 0,4 9, 620 s 

ee 
470 | 0,+ 0, 
where 
@®, = max. permissible ultimate temperature, 
6, = initial temperature, 
f — ratio of stray losses to d.c. resistance losses at 
75° C, and 

k  — ratio of heat capacity of the insulation to that 


of the conductor; the maximum value to be 
used for « is 0°5, and furthermore the maximum 
insulation thickness to be used is 0°35 mm, 
even if this should correspond to a value of « 
lower than 0°5. 

With an assumed cooling constant of 10 min. the 
Operating time at normal temperature equivalent to 
each short-circuit, expressed in hours, will be 

Bs 
1s 2 
e 





‘60 8, 

For insulation of class A the initial temperature can 
be taken as 95°C, and the following values for the 
ultimate temperature are then obtained 

@, = 200 225 250 
3, = 105 130 155 
7, = 165 1150 8500 

The last figure implies that each short-circuit 
shortens the life by a whole year, which seems excessive, 
but even the figure of 1150 hours appears unreasonably 


(Concluded on page 373) 
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Machining of Hard, Brittle Materials 
” means of Ultrasonic Vibrations 


y S. G. KELLEY, JR. (From Materials & Methods, 
USA. Vol. 34, No. 3, September 1951, pp. 92-94, 
5 illustrations. ) 


Harb, brittle materials, usually difficult to shape even 
by grinding, chipping or engraving operations, may 
soon be appearing in shapes hitherto considered out of 
the question. A new process, known as Cavitron, 
using light pressure, abrasive particles and ultrasonic 
vibrations, seems to have hit upon a combination of 
conditions which result in a highly efficient breaking 
down of such materials. 

Unlike most equipment for machining materials, the 
Cavitron machines by a process which is essentially 
greatly accelerated wearing. The tool, operating head- 
on into the work, vibrates at an ultrasonic frequency of 
about 27,000 cps, and an economical abrasive compound 
(boron carbide) is poured onto the contact area. As the 
tool vibrates, the abrasive particles, generally 280 mesh, 
flow between the tool and the work-piece. When the 
tool descends on the particles it drives them into the 
material being machined, thereby forcing the removal 
of small particles of the work-piece by a kind of chipping 
action. These are transported from the work area by 
the continuous flow of the abrasive compound. 

The tool is made of soft steel, in the shape of the 
form to be removed, and is soldered or brazed to the 
small end of a truncated metallic cone. All motion of 
the tool originates in this cone, which produces move- 
ment by expansions and contractions caused by mag- 
netostriction. 

The abrasive compound is recirculated through the 
machine and used repeatedly until its abrasive qualities 
are expended. A single charge generally lasts an 
average of three weeks before it must be replaced with 
new abrasive, although this time varies with the type of 
material being worked. 

The unique operating principle of the new machine 
makes it applicable to the economical machining of all 
types of hard materials. Such substances as glass, 
ceramics, porcelain, agates, sintered zirconium boride, 
sintered aluminium oxide, alnico, sintered tungsten 
carbide, and hardened tool and die steels, all relatively 
difficult to machine, can be given quite complicated 
shapes. Soft materials, on the other hand, are not 
suited to this type of machining. 

Several advantages over older methods are afforded 
in the use of the new process. It provides a simplified 
method of machining to an accuracy of 0-002 in. and 
yields a matte finish with a mean roughness height of 
about 15 microns. This can be reduced with one ap- 
plication of a wire brush to a mean height of 8 microns, 
although in many cases further finishing is unnecessary. 

It has the additional advantage of not heating or 
changing the physical structure of the material being 
machined. As a result, no additional stresses are intro- 
duced into the material due to unequal cooling. 

Costs are low due to the simplicity of the apparatus. 
With few moving parts, wear and maintenance costs 
are comparatively slight. Operation of the machine does 
not require skilled personnel, hence labour costs are 
also low. Furthermore, it is possible for one operator 
to use several machines at one time, making production 
a fairly continuous process by producing several pieces 
at once. 

Sintered materials, such as tungsten carbide and 
certain ceramics, are generally recognized to fall among 
the most difficult materials to machine. Where any 
quantity of material has had to be removed, this has been 
done before sintering except for final reduction to size. 
As a result, the stresses produced by subsequent 
heating to full hardness could not be removed and 
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shapes had to be kept relatively simple. The Cavitron 
has made possible a wide assortment of new shapes 
because it is now feasible to work the materials in their 
fully sintered state. 





SOME ASPECTS OF THE THERMAL SHORT- 
CIRCUIT STRENGTH OF ELECTRICAL 
EQUIPMENT 
(Concluded from page 372) 


high, especially as a reduction of the temperature to 
200° C requires only a slight reduction in current 
density. 

The definition of class B insulation is so vague that 
it seems safest to permit a certain latitude in deter- 
mining the values for different types of apparatus, 
according to the nature of the insulation in each case. 


APPENDIX 


If p denotes resistivity, % its temperature coefficient 
and f the stray loss factor at the initial temperature, c 
the specific heat per unit volume and s the current 
density, the following differential equation applies 


dd ) 
Cs = ps" (: | ao —-—) 
dt 1 |- ad 


as the stray losses may be assumed to be inversely 
proportional to the resistivity. This gives 


c(i adds 
er {i 


(1 + ad? +f 
which may be integrated directly to give 
c (1 4- a #4 ff 
st = — lg ———————_ 
2a p l1+f 


The expression given in the main text is exact for f = 0 
and very nearly correct for finite values of f if the 
following approximation is used :— 
x 

log (1 + x) = ———_ 
1 x/2 
which yields considerably more accurate results than 
using only the two first terms in the exponential series. 
For f = 0 this gives 


c c 3 
st = — log(l av) = - —— 
op pl Lad 
or, with b - 6,—@, 
1/a = 235+ 9, 
235 + 0, 
p * eS ee 
255 


c 0, — 0, 
svt 510 — 
py N 470+ 06,4 9, 


For finite values of f the formula in the main text 
may also be obtained by successive approximations, but 
the comparative results quoted there were obtained by 
direct calculation. 

The numerical values of 470 and 510 will be found 
sufficiently accurate for the metals most commonly 
used. The value of the coefficient in front of the main 
radical sign is given below for a number of metals. 





c 

Metal “* os c Px | 510 —— 

Pro 
Copper... -- 200 00175 320 
Aluminium -. soo 0:029 210 
Lead Ae Pree (, 0°210 60 
Silver ae -. 22 0016 280 
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ITALY 


New Photoelastic Equipment at the University of Pisa 


By L. Lazzarino. (From Tecnica Italiana, Vol. 6, No. 4, July-August, 1951, pp. 321-323, 3 illustrations.) 


Most types of photoelastic equipment in current use 
are designed with optical systems based on lenses. 
Parallel rays of polarised light are directed upon the 
photoelastic model by one lens system. The light is 
then collected by another lens system which transmits it 
through an analyser to a focussing screen. Thus, it is a 
feature of the photoelastic equipment that the field 
available for exploration is mainly determined by the 
diameters of the lenses in the optical systems. As the 
cost of lenses is appreciable and increases very rapidly 
with increasing lens diameters, the dimensions of the 
field which can be explored with equipment of the 
above mentioned type are, in fact, limited by cost 
considerations depending on the lenses. For example, 
the cost of a photoelastic apparatus with a field of 
exploration of 20 cm is already appreciable, since the 
apparatus requires lenses of corresponding diameter. 

As parabolic mirrors are considerably less expensive 
than lenses of the same diameter, and as it is possible to 
obtain good parabolic mirrors of large diameter at a 
moderate price, the author, in co-operation with Prof. 
Scandone, evolved a photoelastic apparatus with a basic 
optical system using parabolic mirrors instead of lenses. 
With these mirrors it was possible to reduce the cost 
of the apparatts, which has an effective field of explora- 
tion of approximately 58 cm, to a fraction of the cost of 
an apparatus fitted with lenses giving a field of less than 
20 cm diameter. 

The lay-out of the apparatus is shown in Fig. 1, 
which is a sectional view of the equipment intersected 
by a plane forming an angle of 23°15’ with the 
horizontal. The plane of the drawing contains the 
axes of the three parabolic mirrors, and is inclined at 
23°15’ in order to permit more convenient use of the 
equipment. The apparatus consists essentially 
of the following items :— 

A. Source of polarised light 

(1) White light source (small filament lamp) ; | 

(2) lamp housing ; 

(3) water cooling system for lamp ; 

(4) water supply pipe ; 

(5) tap controlling flow of cooling water ; 

(6) water discharge pipe ; | 

(7) transformer for white light source ; | 

(8) switch for white light source. | 

The white lamp mounting is easily and | 
rapidly replaced by a source of yellow monochro- | 
matic light, including the following components:— 

(9) Sodium yellow lamp, U-tube type ; 3 
(10) adjustable diaphragm ; w 
(11) mirror system concentrating the mono- 

chromatic light ; 
(12) lamp housing (interchangeable with (2)) ; 
(13) transformer for sodium lamp ; 
(14) switch for sodium lamp. 

The white or monochromatic light is pola- 
rised by means of the following equipment :— 

(15 Polariser (movable) for circular pola- 
risation ; 

(16) polariser for plane polarisation. 

B. Equipment for illumination of model with 

polarised light 

(17) Mirror of parabolic type, with focus at 
centre of lamp (2) or diaphragm (10) ; 

(18) mirror holder. | 


Fig. 1. Photoelastic apparatus at the Institute of 
Applied Mechanics and Aeronautics of the Univer- 
sity of Pisa. General lay-out of the equipment. { 
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C. Model frame and mounting 


(19) Fixed stand ; 

(20) rotatable frame ; 

(21) five rollers, built in frame (20) ; 

(22) clamping devices for model on rotatable frame 
(interchangeable according to type of model 
used) ; 

(23) model specimen ; 

(24) loading device (interchangeable) ; 

(25) load-measuring spring ; 

(26) comparator for measurement of spring deflection ; 

(27) shielded lamp for illumination of comparator ; 

(28) switch for (27). 


D. Equipment for obtaining photoelastic images 


(29) Parabolic type mirror, symmetrical to mirror (17) 
about a plane parallel to the model ; 

(30) mirror holder ; 

(31) analyser (movable) for circular polarised light, 
placed near focus of mirror (29) ; 

(32) analyser for plane polarised light, placed near 
focus of mirror (29) ; 

(33) parabolic type mirror, symmetrical to mirror (29) 
relative to focus of the latter ; 

(34) mirror holder for (33) ; 

(35) transparent focussing screen ; 

(36) support for focussing screen ; 

(37) photographic camera. 


The screen (35) is designed as a normal drawing 
board and inclined at 23°15’ from the vertical for 
convenience of operation. By mounting the screen at 
this angle, it was possible to simplify the supporting 
system of the rotatable frame (20) of the model. This 
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frame rests on three rollers arranged with their axes in a 
plane parallel to that of the model, thus determining the 
position of the model relatively to the parallel beam of 
incident polarised light, and on two rollers with their 
axes normal to the plane of the model, which determine 
the position of the frame centre relatively to the fixed 
parts of the apparatus. The frame is easily rotated by 
manual control, the friction being sufficient to ensure 
that it will remain at the adjustment position while still 
allowing easy and accurate adjustment. The frame is 
made of light alloy and has ample peripheral surfaces 
suitable for attaching relatively large size loading tackle 
and instruments measuring the applied loads. It 
can thus take models of different dimensions with various 
types of loading and supports. The deformations of the 
frame are negligible in comparison with those of the 
model, so that the frame can be regarded as being 
absolutely rigid. 

The type and characteristics of the optical system 
adopted have made it possible to use polarisers and 
analysers of small dimensions and good quality, com- 


paratively economic in price, as well as light sources of 
moderate intensity, since the light produced by these is 
well utilised. The images obtainable have a high 
definition and have only very small deformations of 
optical origin (less than 1 per cent over more than 90 
per cent of the field, and less than 2°2 per cent over the 
entire field). These deformations are due to the 
imperfections in the material available for the con- 
struction of the mirrors, which are reclaimed material 
originally used for other purposes. These deformations 
of the image are quite acceptable, in view of the order 
of approximation generally obtained by methods of 
photoelastic analysis. 

The dimensions of the apparatus are as follows :— 
width 1°80 metres, length 2°6 m, height 2°40 m. The 
field of exploration is circular with a diameter of 58 cm. 
This dimension makes this apparatus the largest now 
existing in Italy and one of the largest in service any- 
where. The apparatus will be used for research on the 
stress conditions of clamped members and investigations 
of other technical problems. 


BELGIUM 


The Role of Carbon in the Formation of Thin Film Deposits 
GENERAL VALIDITY OF THE CORRESPONDING MECHANISM FOR OTHER ELEMENTS OR COMPOUNDS 


By O. GocHE, F. BOULLON and A. FRERE. 


(From Bulletin de la Classe des Sciences, Académie royale de Belgique, 


Series 5, Vol. 36, 1950, pp. 330-339, 13 illustrations.) 


It is known that an electron beam produced from a heated filament or from the cathode of a luminescent 
electric discharge causes the decomposition of any organic vapour present in the space in which the 


discharge takes place. 


It is also known that this process is accompanied by the formation of a carbon 


deposit on those parts of the wall of the vessel that are hit by the beam, or on any obstacle that may be 
placed in its path. 
In order to study whether the kind of deposition that had been observed for carbon could also te obtained 
for other materials, a number of experiments was carried out with luminescent electric discharges, using 
a discharge vessel placed in a strong magnetic field. These experiments and the results obtained are 
described in the following. 


APPARATUS USED FOR THE EXPERIMENTS 


Two kinds of apparatus were used: the first shown 
in Fig. 1 comprises a brass disc D fixed on the pole- 
piece of a magnet coil having a vertical axis. The 
discharge chamber, a cylinder of Pyrex glass, closed at 
the upper end by a disc D’, rests on the disc D. This 
chamber is made gas-tight by means of a picein or wax 
seal. The side of the disc D’ facing downward is covered 
with a sheet of mica, except in the centre, where the 
stud carrying the cathode is screwed in; the stud itself 
is protected by a glass tube. The disc D functions as 
the anode. The evacuation of the air from, and the 
introduction of the gas into, the chamber is done through 
the pole-piece, as shown in the diagram. 

The second apparatus, Fig. 2, enables a magnetic 
field to be set up which is both more uniform and more 
intensive than that produced in the first apparatus. 
The electro-magnet comprises two coils with a common 
horizontal axis ; the pole-pieces are adjustable and the 
maximum gap between them is 5 cm. The discharge 
chamber itself is similar to that of the first apparatus. 

All experiments were carried out with the gas 
flowing through the chamber ; to achieve this, a vessel 
filled with the appropriate gas under reduced pressure 
was connected to the discharge chamber by means of 
a metal tube of very small cross-section. Glass tubes 
filled with the various required liquids, and separated 
from the vessel by means of cocks, made it possible to 
introduce various vapours into the apparatus in the 
desired proportions. The applied voltage between the 
electrodes did not exceed 1500 V. 
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THE BREAKING UP OF ORGANIC COMPOUNDS IN THE 
DISCHARGE 


Experiments were made with anthracene and with 
naphthalene introduced direct into the discharge cham- 
ber ; further experiments were conducted with acetone, 
benzene and cyclohexane vapours fed into the discharge 
chamber from the gas vessel, either pure, or mixed 
with hydrogen, nitrogen, neon and argon respectively. 
In all these experiments, which were made using an 
aluminium cathode (which is liable to cathodic atomi- 
sation only to a small degree), thin carbon films were 
obtained on target plates (glass and metal plates, 
sodium chloride crystals) placed on the disc anode of 
the apparatus. The films formed on sodium chloride 
crystals were easy to detach: it was only necessary to 
dip the crystalline plate into water in order to detach 
the deposit, which could then be collected on a fine wire 
mesh and examined by electron diffraction or under the 
electron microscope. The results of these examinations 
showed that the carbon films were amorphous. 

When formed on a glass or metal base, the carbon 
layers are often very adhesive ; if the base is of metal, 
they form excellent protective coatings ; a special study 
is now in progress with a view to establishing the best 
experimental conditions for obtaining strongly adhesive 
films. Another application of this method is the pro- 
duction of carbon films for use as supports for specimens 
for electron microscopy and electron diffraction 
apparatus. 

If the gas contained in the discharge chamber has 
a high content of organic vapour, carbon deposits are 
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also formed on the cathode where, under certain 
conditions, they may be remarkably adhesive. 


CATHODIC ATOMISATION OF SILVER IN A MIXTURE 
OF HYDROGEN AND AN ORGANIC VAPOUR 


The process of metallisation by cathodic atomisation 
has been known for a long time and has been used in 
the same way as thermal vaporisation. Thus, for 
example, a silver cathode bombarded with the cathodic 
current from a luminescent discharge emits atoms 
which diffuse in the discharge chamber and form 
deposits on its walls or any object placed inside the 
apparatus. These can be used as mirrors and their 
quality in this respect depends on the nature of the gas 
or gas mixture used. Traces of steam cause a remarkable 
acceleration of the formation of these deposits. When 
an organic vapour is present in the discharge chamber, 
the carbon liberated in the breaking-up process of the 
vapour settles concurrently with the silver and imparts 
to the silver film a remarkable chemical inertness and 
also renders it easy to handle. In particular, when 
formed on sodium chloride crystals, the films are easy 
to detach without tearing or rubbing and can be pre- 
served indefinitely when floating on water. Examination 
under the electron microscope and by electronic dif- 
fraction shows that the silver crystals are very small, 
owing to the fact, it is believed, that the amorphous 
carbon has inhibited their growth. 

Similar results have been obtained with copper ; 
in this case it was found that films of cupric oxide 
formed on copper discs are the more easily detached, 
the finer their grain size. 


LUMINESCENT DISCHARGE IN A LONGITUDINAL MAG- 
NETIC FIELD 


A sufficiently strong longitudinal magnetic field 
concentrates all the visible luminous phenomena of a 
discharge in a cylinder with generating lines parallel 
to the magnetic field and the cathode as its base. If the 
magnetic field is not homogeneous, a corresponding 
non-uniformity can be observed in the discharge itself. 

(¢) Carbon deposits. In a mixture of hydrogen and 
an organic vapour (acetone, benzene, cyclohexane), a 
carbon deposit forms at the area of impact of a magneto- 
cathodic beam. The deposit is a very distinct image of 





Fig. 1 
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Fig. 2 


the cathode, or, more exactly, of the emitting regions 
of the cathode. A deposit of this nature can be used 
to determine the characteristics of a magneto-cathodic 
beam. The largest deposit forms in the area touched by 
the most intensive part of the beam. However, if the 
electrode potential increases—due to a reduction of the 
gas pressure in the discharge chamber—the heat 
created at the impact becomes very considerable and, 
as a result, the deposit evaporates. 


(ti) Cathodic atomisation of silver in a mixture of 
hydrogen and an organic vapour, or in a pure organic 
vapour, under the influence of a longitudinal magnetic 
field. In this case, a diffuse deposit covers all areas, 
except the area upon which the magneto-cathodic beam 
impinges. In this area, a less transparent deposit is 
superimposed on the diffuse layer. The two kinds of 
deposit also differ as regards their reflecting power and 
colour. If examined by electron diffraction, the deposit 
formed in the target area of the magneto-cathodic beam 
produces rings which are more blurred than those ob- 
tained from the other deposits, thus indicating the 
presence of amorphous carbon. This impedes the 
growth of the silver grains and also makes this part of 
the deposit less susceptible to chemical changes. Iden- 
tical results were obtained with copper cathodes. 

Corroboration of this hypothesis is provided by the 
fact that, as the proportion of organic vapour in the 
gas diminishes, the deposit in the area of the magneto- 
cathodic beam becomes progressively less different 
from the deposits in the remaining areas. However, 
even with a very low content of carbon, inertness of 
the deposit in the area of the magneto-cathodic beam 
is much greater than that of the other areas. 

(tit) Cathodic atomisation of copper and zinc in air or 
in oxygen; effect of carbon on the structure of the oxide 
layers formed. Cathodic atomisation of copper or zinc 
in air or in oxygen produces oxide films with crystal 
orientation. The experiments, which were again carried 
out in an intensive magnetic field and with a gas con- 
taining a small proportion of organic vapours, showed, 
as in the case of silver, a difference between the deposit 
formed in the area of impact of the magneto-cathodic 
beam and that formed in the remaining area. In the 
former, the degree of crystal orientation is less than in 
the latter and this may be attributable to the presence 
of carbon. 


GENERAL APPLICABILITY TO OTHER ELEMENTS OR 
COMPOUNDS OF THE PROPERTY OF CARBON TO FORM 
CLEARLY DEFINED DEPOSITS IN THE AREA OF IMPACT 
OF A MAGNETO-CATHODIC BEAM 


The property of carbon described, if obtained from 
the decomposition of a gas, a vapour or a solid by means 
of a magneto-cathodic beam, to form an amorphous 
deposit preferentially in the area of the impact of this 
beam on any desired target has been found by ex- 
periment to be inherent also in sulphur, sodium, 
cadmium and cadmium oxide if obtained in the same 
manner. On the other hand, the following elements or 
compounds obtained in a discharge chamber by means 
of cathodic atomisation, silver, copper, platinum, cupric 
oxide, zinc oxide and cadmium oxide, have been found 
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to form crystalline uniform deposits not favouring the 
area of impact of the magneto-cathodic beam. 

Further experiments, which, it is hoped, will lead 
to a generalisation of the described hypothesis, are 
now in progress, and any results obtained will be pub- 
lished ; they have already proved the breaking-up of 
gaseous or solid compounds traversed or hit by a 
magneto-cathodic beam. Thus, for example, silicon 
tetrachloride vapour, in the presence of hydrogen and a 
trace of steam, furnishes a white, amorphous and 


extremely adhesive coating, probably of silica; copper 
sulphate is transformed into copper, and silver nitrate 
into silver, while uranium nitrate also decomposes. 

The described experiments on the formation of 
deposits at the impact of a magneto-cathodic beam 
confirm Ditchburn’s hypothesis that a surface bom- 
barded by particles, and more especially by positive 
ions, loses its absorbed gaseous layer in such a manner 
that an atom arriving there has a better chance of being 
retained. 


a 


On the Transverse Mechanical Properties of Forgings 


By A. BARTOCCI. 


(From La Metallurgia Italiana, Vol. 42, No. 8-9, August-September, 1950, pp. 289-296, 


10 illustrations.) 


IN addition to other, generally known, factors, the 
presence of a dendritic structure has an influence on the 
mechanical properties of steel. In the Terni Steelworks, 
the influence of the dendritic structure on the transverse 
properties of forgings was investigated. Over 100 test 
samples of 10 mm dia. and 50 mm length were taken 
from transverse sections at various parts of a cylindrical 
forging of about 300 mm external diameter and about 
75 mm internal diameter and about 5 m in length, 
cold-bored and heat-treated. The forging was made of 
a chromium-nickel-molybdenum steel of the following 
composition: 0:30 per cent C, 0-15 per cent Si, 0-60 
per cent Mn, 0-90 per cent Cr, 2-80 per cent Ni, 0°45 
per cent Mo, 0-015 per cent max. S and 0-015 per cent 
max. P. 

The specified mechanical properties in the transverse 
direction for identical, mass-produced, forgings were : 
tensile strength 90 kg/mm?, yield point 75 kg/mm?, 
elongation 14 per cent, contraction 35 per cent. The 
tested samples had the mechanical properties given in 
Table I. 

The frequency curves of values of elongation and 
contraction obtained are plotted in Figs. 1 and 2. The 
mechanical properties of the top part of the forging are 
almost equal on the outside and the inside of the 
cylinder. At the bottom of the forging, the values for 
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Fig. 1. Frequency curve of elongation and contraction at 
the bottom part of the forging. 
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TABLE I. 





| 
Tensile; Yield | Elongation ’,, | Contraction ‘), 
strength) point 





Position from Mean values | most most 
which the sam- mean | frequent mean) frequent 
ple was taken |kg/mm2/kg/mm2) value | value | value | value 





Top outside | 96:7 | 85:3 | 14:5) 15 44:3 | 45 
Top inside 96-5 84:9 14-6 15 46:7 | 47 
Bottom outside | 96-4 | 85:1 | 14°5 15-4 | 46-2 49 
Bottom inside | 95:6 84:4 13:0 13°4 38-0 38 





the inside are somewhat lower. Microscopic examina- 
tion of the fracture reveals that this phenomenon is 
likely to be caused by the higher content of non-metallic 
inclusions in the respective ingot zone. These in- 
clusions have a particularly adverse effect on the 
transverse mechanical properties 

To obtain further information on the influence of 
the dendritic structure, five transverse test specimens 
were taken at various depths below the surface from the 
top and bottom ends of the forging. The mean values 
of elongation and contraction obtained for the various 
depths of the forging are plotted in Fig. 3. It was 
found that the elongation and contraction values are 
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Fig. 2. Frequency curve of elongation and contraction at 
the top part of the forging. 
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Fig. 3. Diagrams of the mechanical properties of trans- 
verse specimens from various parts of the cross-section. 


practically uniform along a horizontal line across for 
the top part of the forging, the values being slightly 
higher at the inside wall and slightly lower at the outside 
wall. However, at the bottom part of the forging, the 
values decrease from the outside towards the inside 
wall (see Fig. 3, right-hand side). These values show 
good agreement with the results plotted in Figs. 1 and 2. 

Some types of forgings, as, for instance, hollow 
forgings which have to withstand high internal pressures, 
must have better mechanical properties in the transverse 
direction. This can be obtained either by using steel 
with less impurities (since these have an adverse effect 
on the transverse mechanical properties, particularly at 
the bottom part of the forging), or by employing a 
suitable hot-shaping process so as to obtain a certain 
flow also in the transverse direction. 

In the case of solid forgings and forgings with 
dimensions which do not differ greatly from those of 
ingots, upsetting is applied. The ingot is first com- 
pressed in the axial direction, and then again elongated 
by forging in the longitudinal direction. This process 
is more expensive than the standard forging procedure, 
and the material used must be perfect and free from 
internal defects. 

To determine the influence of such upsetting on 
the mechanical properties, the Terni Steel Works have 
tested three types of forgings produced by various 
methods. The elongation and contraction values ob- 
tained are plotted in Fig. 4. The ingot for forging A, 
weighing 3,500 kg, with a height to diameter ratio of 
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Fig. 4. Frequency curves of elongation and contraction of 
forgings A, B, and C. 
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3:1, was first forged so as to obtain a circular cross- 
section, then upset to a ratio 25: 1 and then forged to 
the desired shape. The ingot for forging B with a 
height to diameter ratio of 5: 1 was forged into a circular 
cross-section and to the desired shape without upsetting. 
The ingot for forging C was of the same origin and sub- 
jected to the same shaping operations as sample A. When 
cold, a hole larger than that finally required was bored 
through the sample which was then forged on a mandrel ; 
after withdrawal of the mandrel, the diameter of the 
opening was reduced to final size by upsetting. All 
three forgings thus produced were heat-treated. The 
most frequent test results obtained were : 





Forging .. 4 er A B Cc 
Elongation in °,, ae 14:9 55 16-2 
Contraction in °,, ee 44 50 50 





For A, it is necessary to use an ingot of normal 
dimensions. Forging B is simpler and more economical 
than A, but difficulties arise in the casting of an exces- 
sively long ingot, as is necessary in this case. Forging 
C is the most expensive to produce and, moreover, the 
hole produced by the mandrel, and ultimately reduced 
by upsetting, may sometimes show surface defects which 
may even necessitate scrapping the forging. However, 
forgings produced by this method have the best 
mechanical properties. Very careful checks during pro- 
duction are necessary in the case of forgings B and C. 
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Fig.5. Frequency curves of elongation and contraction of 
forgings A and B made of steel from a basic electric furnace 
and an acid open-hearth furnace. 


Chain-dotted curves : electric steel. 
Full curves : open-hearth steel. 


The above considerations relate to forgings made of 
steel produced in electric furnaces with a basic lining. 
It is interesting to compare the mechanical properties 
of these with the mechanical properties of forgings 
made of open-hearth steel in furnaces with an acid 
lining. Forgings A and B were made of this open hearth 
steel in the same way as the corresponding forgings 
made of steel from an electric furnace. A statistical 
comparison of the corresponding values of elongation 
and contraction is given in Fig. 5. 

It can be seen from the curves of Fig. 5, that the 
values for electric and open-hearth steel are practically 
equal for forging A, but for forging B the values of 
electric steel forgings are somewhat better. 
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New Materials, Processes and Equipment | 








MOLYBDENUM-BEARING PIPE WELDING 
ELECTRODE 


Following the successful development of a special 
pipe welding electrode, now in considerable use by oil 
companies and pipe line contractors for butt welds in 
situ on flow pipe lines where the joints have no backing 
rings, The Quasi-Arc Company Ltd., Bilston, Staffs., 
now announce that they have introduced a further 
development, namely, The Quasi-Arc molybdenum- 
bearing pipe welding electrode. This electrode is 
recommended for the welding of 0-5 per cent molyb- 
denum steels and 1-0 per cent chromium—0-°5 per cent 
molybdenum steels which are commonly used for high 
pressure/high temperature pipe lines. This new elec- 
trode is finding particularly successful applications in 
welding steam piping for power station work, etc. ; it 
is also approved by the Admiralty and it is used for 
ships’ steam piping The covering of the electrode 
contains sufficient alloy to ensure that the molybdenum 
content of the weld metal is in the range of 0-4 to 0-6 
per cent. The electrode is of the modern fully extruded 
type, classified under B.S. 1471 as E.316, corresponding 
to the American Welding Society coding E.6013. The 
electrode conforms to B.S. 639/194 (Class A). 


Normal bend and reverse bend test specimens cut 
from butt welded molybdenum-steel pipe joints and 
tested both with the backing ring left on and with the 
backing ring removed have been bent satisfactorily 
through 180 degrees. 


DECORTICATING MACHINE 


The unit is a robustly constructed machine specially 
designed by R. Y. Pickering & Co., Wishaw, Scotland, 
for extracting the fibre from linseed straw and the like. 
Decortication is obtained by passing the straw through 
a series of straight and helical fluted rollers running at 
approximately 200 rpm—the machine being driven by 
a suitable electric motor or petrol engine as desired to 
suit local requirements. 

Each pair of rollers is suitably held by bearing 
blocks, secured in cast iron cheeks. The bearing blocks 
are free to slide vertically thereby allowing the rollers 
to float as necessary to suit the bulk feed flow through 
the machine. Each pair of rollers is provided with 
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spring loading which can be easily adjusted to give the 
necessary loading to suit the particular characteristics 
of the straw being used. In addition, provision is made 
for shims to be inserted between the top and bottom 
bearing blocks of each pair of rollers, thus allowing 
adjustment of the flute clearance between the rollers. 
Each pair of rollers is driven by suitable timing 
gears, keyed on the shaft extension on both ends of the 
rollers. The timing gears receive their drive from the 
prime mover through a chain and sprocket arrangement. 


WIRE STRAIGHTENING AND CUTTING 
MACHINE 


Fully automatic and made to high engineering 
standards, this machine has a wire capacity from 14’s g. 
to 3’s g. in mild steel or 14’s g. to 6’s g. in carbon steel 
and cuts lengths from | in. to 32 ft at the rate of 25 to 
50 fpm. Operation is by an inching clutch at the front 
of the machine. 





The wire is fed from one of two types of adjustable 
swifts carrying coils of up to 100 and 200 lb respec- 
tively, into the spinner which is made of cast steel and 
fitted with hard-faced spinner dies. Alternatively, 
tungsten carbide faced dies can be supplied at extra 
cost. Uniform gripping is ensured by a spherical centred 
compensating device incorporated in the grippers. The 
length adjustment is from a centralised control which is 
easily accessible at the cutting end of the machine. 
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The machine is supplied with guards for all working 
parts and all control levers are chromium-plated. A 
collecting tray is available for adjustment to the cutting 
end and is available in sizes up to the maximum cut for 
the machine. The machines are now available from the 
makers, Calvert & Co. Ltd., Huddersfield. 

It is understood that further machines have passed 
the prototype stage and these include a larger type of 
straightening and cutting machine with a - in. capacity, 
cutting up to 50 ft, a wire crimping machine, a four- 
slide forming machine and several other special purpose 
machines. 


HEAT CONTROL UNIT 


Greater home comfort and fuel savings are assured 
with the New Weather-Flo “‘ indoor-outdoor ” modu- 
lating heating control, product of Automatic Devices 
Co., Inc., Western Springs, Illinois. 

An outdoor weather reading in combination with a 
temperature measuring bulb in the heating system 
changes the rate of heat flow with every change of the 
weather in anticipation of the heating needs of the 
building. A built-in fan or pump switch provides for a 
continuous regulated flow of heat to the building as long 
as weather conditions require any heating. Heating 
lags caused by overshooting and underheating so com- 
mon to conventional inside controls are eliminated. 
This gives a constant, uniform heating level at the 
desired temperature from the least amount of fuel. 











Completely adjustable on the job for different 
heating system design temperatures, different operating 
temperature ranges, different minimum temperatures 
and heat cut-off makes this a universal unit for all jobs. 
Ease of adjustment is assured by having the dial mark- 
ings of each of the four adjustment dials calibrated in 
actual temperature settings. 

The unit is designed for operation with all fuels 
and with all heating systems including radiant panel 
systems. 


“ FILLERWELD ” 


“* Fillerweld,” a new product designed to speed 
alloy-metal welding on applications where filler-metal 
must be added, has been announced by the Welding 
Department of General Electric Co., Schenectedy 5, 
New York. 

Used with gas-shielded arc welders, Fillerweld 
allows the operator to control the continuous flow of 
filler-metal automatically by means of a finger switch 
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mounted on the torch. The new welding attachment 
allows the operator to start or stop the flow of filler 
metal without breaking the arc, resulting in a smoother, 
faster weld. Wide application is expected for food and 
dairy equipment and in the fabrication of aluminium 
containers and light structural shapes. 

Fillerweld consists of two main elements—the torch 
or “ gun,” and a mechanical power unit. The gun is 
basically a manual water-cooled inert-arc tungsten 
holder to which has been added a control switch, and a 
gear assembly for pulling the filler-metal from the 
spool to the arc through the gun. Rated at 250 amperes, 
the gun accommodates tungsten from 0-040 to ,’s inches 
in diameter and up to seven inches long. 

The mechanical power unit consists of a motor 
which provides the power for drawing the filler-metal, 
a Thy-mo-trol* unit for controlling the motor, and a 
spool which holds the filler wire. The unit is mounted 
on a portable platform and can be moved easily from 
job to job. 

To operate the new equipment, the operator merely 
presets the desired filler wire speed by means of a 
rheostat located on top of the Thy-mo-trol unit. He 
then takes the gun just as if it were a normal inert-arc 
torch and strikes the arc. As soon as a molten pool has 
been established on the base metal, the operator pulls 
the trigger on the gun and the wire feeds into the arc. 
To stop the wire feed at any time, even during welding, 
the operator has only to release the trigger. 

The new process can be applied to best advantage 
on stock less than j, in. thick. However, where speed 
is not of paramount consideration, Fillerweld will pro- 
duce a high quality weld on thicker material. 


*Reg. Trade Mark, General Electric Company. 


PIPE DE-SCALER AND CLEANING 
ATTACHMENT 


A new pipe and tube De-Scaling and Cleaning 
Attachment for Steen Cut-Off Machines has been 
announced by Continental Machine Company, Chicago 
14, Illinois. 





It cleans rust, scale, paint, and other deposits off 
pipes, posts and building columns. Sizes are available 
for cleaning pipes up to 12 inches in diameter. It is 
especially adapted for reclaiming used pipes and tubes. 

Most work requires only one pass through the 
rollers completely to remove all deposits. It feeds up 
to 20 feet of pipe per minute making it suitable for both 
production work and intermittent use. 
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CLASSIFIED ABSTRACTS 


Numerous important abstracts which, for lack of space, cannot be published in our main editorial columns, are regularly 
included in condensed form in this section. Subscribers may obtain photostat copies of all original articles at cost. 

















AUTOMATIC CONTROL 


Analysis of a Friction Damper for Clutch-Type 
Servomechanisms 


By H. K. Wess. (From Journal of The Aeronautical 
Sciences, U.S.A., Vol. 18, No. 10, October 1951, 
pp. 676-682, 10 illustrations.) 


THE stabilising action of a flywheel, coupled by 
coulomb friction to the output shaft of a clutch-type 
servomechanism is analysed. It is shown that such a 
damping device is capable of partly compensating for 
the undesirable effects of time lag in the control. 
Methods are presented for quickly determining the 
transient and steady state of both servomechanism and 
damper for any set of initial conditions. The analysis 
of the damper-servo system, which has two degrees of 
freedom, is accomplished by tracing pairs of trajectories 
in the phase plane. It is shown that for a given design 
of damper, the amplitude of the steady-state oscillation 
is proportional to the square of time lag in control 
functioning, while the period of the oscillation is pro- 
portional to the time lag. 

Graphs are presented to show the optimum ratio of 
friction torque to clutch torque for minimum amplitude 
of steady-rate oscillation. The greater the flywheel 
inertia, the smaller the amplitude of steady-state oscil- 
lation can be made for a given time lag in the control. 
Such damping is always obtained, however, at the 
expense of maximum servo acceleration, although 
maximum servo velocity is not reduced by the friction- 
coupled flywheel. 


CERAMIC ENGINEERING 


Heat-Resistant Ceramic Coatings 
(From Steel, U.S.A., Vol. 129, No. 7, August 13, 1951, 

pp. 74-77, 96, 8 illustrations.) 

HEAT-RESISTANT ceramic coatings on steel are enabling 
many manufacturers to get increased efficiency in their 
products and are helping to save scarce metals. Ex- 
perimental evidence indicates that the use of properly 
selected enamel coatings will often permit high- 
temperature use of relatively non-critical iron and low 
carbon steel. 

_ Even in the case of many alloy metals, properly app- 
lied ceramic coatings will result in beneficial effects i.e. : 
(1) Increase fatigue strength and fatigue life; (2) 
prolong usefulness at specified operating temperatures ; 
(3) permit their use at even higher temperatures for 
considerable periods of time. 

Various types of ceramic coating have been de- 
veloped for use in a wide range of temperatures. Pre- 
paration of the base metal is an important consideration, 
with sand-blasting appearing the best method for most 
surfaces. Thicknesses of coating are in the range of 
0:002-0-004-inch. 








DIESEL ENGINES 


Fucl Injection Systems and Injection Process 
Calculations 

By F. Scumipt. (From Konstruktion, Germany, Vol. 
3, No. 9, pp. 265-272, 8 illustrations.) 

Tus article gives descriptions and sectional drawings 

of valve-controlled pumps. Bosch-type pumps, pintle 

nozzles, pressure valves and unloading valves of standard 
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design, as well as information regarding the Archaouloy 
and Nyland injection systems. 

Formulae are given for the quantity of fuel injected 
as a function of horsepower, fuel consumption, speed, 
pump piston area, valve-cam lift, and delivery efficiency. 
Another equation serves to determine the total nozzle- 
hole area, with numerical constants for four-stroke and 
two-stroke cycle engines. It is recommended that the 
fuel flow velocity in the fuel pipes should not exceed 
30 metres per second and that the inner diameter of the 
fuel pipes should be between jth and !th of the pump 
plunger diameter, in order to avoid excessive pressure 
losses due to velocity gradients and friction. The 
plunger speed should rise as rapidly as possible to about 
1 m/sec and not decrease before the first half of the 
stroke is completed. 

The compressibility of fuel decreases by 48 per cent 
following a hyperbolic curve for pressures from zero to 
300 atmospheres. A representative value for compres- 
sibility is given as 0-00005 cm?/kg for 300 atmospheres 
pressure, which can be used as a constant in calculations. 

A comparatively simple method is given for the 
calculation of the pressure variation, which can be used 
for the injection systems of engines operating at speeds 
up to 250 rpm. The pressures in the pump, fuel 
piping and nozzle are assumed to be equal at any 
instant, wave effects and the percentage loss in pressure 
due to friction being disregarded. The fuel pipe volume 
is large compared with the delivery volume of the pump, 
and fuel compressibility is assumed to be constant. 

A differential equation is then set up to express the 
fact that in a time-element dt the fuel quantity Ads 
displaced by the plunger of piston area A is equal to 
the volume of fuel dg flowing through the nozzle plus 
the compression of the total volume V due to the 
increase in pressure. This equation is combined with 
the differential equation for the rate of flow through an 
orifice owing to a difference in pressure. Step-by-step 
calculations are then made with difference equations, in 
order to plot the variation of pressure against the crank 
angle. The plunger velocity is regarded as a function 
of crank angle and independent of engine speed. The 
method provides corrections taking account of losses 
due to cam and follower effects, suction valve design, 
valve operation and nozzle effects. 


FOUNDRY PRACTICE 


The Removal of Aluminium from Red Brass 
By A. V. Larsson and B. LOFGREN. (From Gjuteriet, 
Sweden, Vol. 41, No. 10, October 1951, pp. 143-151, 
4 illustrations.) 
ALUMINIUM can be removed from red brass melts by 
refining with fluoride-bearing fluxes. The soundness 
and mechanical properties of a red brass alloy treated 
with such fluxes have been investigated. Normal 
properties seem to be regained after such a treatment. 
When refining with fluxes containing fluorides, the 
metal picks up silicon, if the refining is carried out in a 
silica-bound graphite crucible. This silicon pick-up 
occurs only if aluminium is present in the melt. Silicon 
can be removed by the same methods used for aluminium 
refining if the melt is free from aluminium. The in- 
fluence of small amounts of aluminium and silicon on 
soundness and mechanical properties of the melt has 
been studied. Even aluminium contents as small as 
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0:005-0-01 per cent seem to have a deleterious effect on 
these properties. 0-01 per cent Si does not seem to 
have any effect. The tendency of the melt to pick up 
sulphur, when refining with fluxes containing Na, SO, 
as an Oxidiser, has been investigated. A certain sulphur 
pick-up takes place, but in such small amounts that 
there is no effect on the mechanical properties. As the 
treatment was carried out in a coke-fired crucible 
furnace, it was not possible to determine whether the 
sulphur came from the flux or the furnace gases. 


METALLURGICAL ENGINEERING 


Anti-Remanent Iron and its Heat Treatment 


By R. Harti. (From Slaboproudovy Obzor, Czecho- 
slovakia, Vol. 11, September, 1950, pp. 161-166, 
11 illustrations.) 


Tuis article gives a brief survey of recrystallisation and 
annealing problems of anti-remanent irons, and reports 
on the results of heat-treatment tests conducted by 
heating the iron, with limited admission of air, in a 
protective hydrogen atmosphere and in a vacuum. 
The experiments were carried out for the purpose of 
determining the correct recrystallisation temperatures 
and investigating the grain growth. Magnetic and 
mechanical properties of some anti-remanent irons are 
given in the paper. The test pieces used in the experi- 
ments were parts of a telephone relay. 


SURFACE TREATMENT 


Waxes Used to Process as Well as Protect 
Materials 


By K. Rose. (From Materials & Methods, U.S.A., 
Vol. 34, No. 4, October 1951, pp. 104-107, 3 illus- 
trations.) 


THE need for transparent protective coatings has 
widened the field of usefulness of the waxes, a group of 
materials used for this purpose for centuries. Industry 
has begun to realise that a thin transparent film of 
waxes, which have been used for hundreds of years to 
protect fine woodwork and leather, can be useful on 
metals, paper, rubber, and other materials. With an 
expanding range of applications has come an expansion 
of the family of waxes, so that to-day industry is no 
longer dependent upon a few natural materials, nor are 
applications limited to those in which a transparent 
protective film is the sole requirement. 

The waxes compounded into these industrial 
materials can be classified into four groups, i.e., 
animal waxes, vegetable waxes, mineral waxes, and 
synthetic waxes. 

‘Waxes are available as commercial preparations in 
various forms. Solid waxes are applied in a molten 
condition for most purposes ; they are used occasionally 
as bar waxes and applied by rubbing. Water dispersions 
are usually used where protection and lustre are the 
results desired. Dispersions in hydrocarbon solvents 
are used where lubrication is desired, as in metal cutting 
compounds, drawing compounds, etc., where heat is 
developed under pressure. Dispersions in oil, possessing 
excellent stability, have been developed especially for 
use as a lubricant in slow draws, where little heat is 
produced. They are used where initial lubricity is 
desired, or where a wet surface must be maintained ; 
the oil provides these properties. 

Paste waxes are usually thick dispersions in organic 
solvents, and are used where a thick film is required. 
They have found a special field in the lubrication of 
metal during spinning. Paste waxes, easy to apply, 
have been used as mould release agents also. Solutions 
of waxes in hydrocarbon solvents are the best choice 
when a continuous film is important, as for protective 
purposes over steel, aluminium, magnesium, brass and 
copper. The film produced is dry and lustrous. 

When used industrially, waxes of several kinds can 
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be blended together to obtain a material with the de- 
sired properties. The properties of the finished material 
will be affected by the form in which it is prepared, 
whether solid wax, dispersion, paste, or solution, and 
by the solids content. Other ingredients include syn- 
thetic or natural resins, corrosion inhibitors, stabilisers, 
and perhaps colouring materials, in addition to the 
solvent or dispersing medium. 

Dispersed waxes are applied by spraying, dipping, 
wiping, roller coating or tumbling. Spraying is done by 
hand or automatically, and an even coating can be 
laid down that will dry rapidly. 

Waxes can be used, e.g., as protective films, lubri- 
cants for metal processing, ingredients in compounded 
materials, wetting agents, and low-temperature fusing 
constituents. 
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CHARACTERISTICS OF SPOT-WELDED 
TITANIUM 





(Concluded from page 364) 


same. Apparently the hardness is not appreciably af- 
fected by either changes of welding time or current. 
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VICKERS DIAMOND PYRAMID HARDNESS 


























Fig. 5. Hardness study of 22-gauge spot-welded titanium, 
weld current 12,880 A, — 10 cycles, tip pressure 











Taste I. 
| | | Vickers DPH 
| Welding Welding | 
current time Edge Centre Av. 
Material— {12,880 6 cycles | 272 278 275 
24-gauge 12,880 12 cycles | 244 261 251 
\ 12,880 16 cycles 281 2u7 279 
Material— { 10,860 6 cycles 249 274 261 
25-gauge 12,880 6 cycles 248 265 256 
\| 14,430 6 cycles 262 247 254 





STRUCTURE OF WELD 

Micrographs of spot welds indicate a normal struc- 
ture similar to that obtained in the spot welding of 
steel. All grains in the weld nugget are dendritic or 
columnar and in general are oriented towards the centre 
of the weld. The size of the grains tends to become 
larger with higher currents and increased welding time, 
but this tendency is retarded somewhat on thinner 
sheets as the rate of cooling is increased. 

Examination of various welds indicates that good 
bonding is obtained, and there is no evidence of oxi- 
dation, porosity or embrittlement. If the temperature 
or welding time is excessive, or if insufficient tip pressure 
is used, some flashing will occur, but with proper 
welding conditions this difficulty is not encountered. 
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ON THE SPOT ADVISORY SERVICE 


in great demand — 
but freely available 


The Wickman Mobile Demonstration Unit brings skilled help right 
to the factory floor. Staffed by a team of specialist instructors, the 
Unit is fully equipped with machine tools for reservicing carbide 
tools, and many Wimet users have already availed themselves of 
this opportunity to train operators and executives in the correct 
methods of applying and servicing these tools. Demonstrations on 
the design, application and servicing of Wimet tools have been given 
te over 2,000 operators and, in addition, lectures. supported by 
sound films and film strips. have been attended by more than 
1,000 operators 

The greatest productivity from carbide tooling can only be obtained 
when operators know the right grade to choose, the right time to 
withdraw tools from use for reservicing. the right wheels and 
methods—in fact, the right carbide technique. 

This is just one of the ways Wickman’s are helping Wimet users 


to get the best out of carbide tooling. 


WICKMAN of COVENTRY 


LONDON - BRISTOL =: BIRMINGHAM - MANCHESTER 
LEEDS . GLASGOW 3 NEWCASTLE BELFAST 
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NEWS OF THE MONTH 








PERSONAL 


Sir George W. Barr, C.B.E., M.I.N.A., has relinquished his 
position as managing director and his seat on the board of the 
Fairfield Shipbuilding & Engineering Co. Ltd., Govan, Glasgow, 
on medical advice. Mr. D. McPhie, secretary, and Mr. J. F. 
Barr, shipbuilding manager, have been elected to the board of 
the company. 

r. E. J. Batchelor, until recently managing director of Brush 
Coachwork Ltd., Loughborough, has been appointed managing 
director of Henry Meadows Ltd., Wolverhamption, of which 
company he has been a director and general manager. 

Mr. F. W. Cooper, A.M.I.Mech.E., M.I.P.E., head of the 
engineering department at the Chance Technical College, Smethwick, 
Birmingham, has been appointed Principal of the college, in suc- 
cession to Mr. H. Garratt, B.Sc., who retires in December, 1951. 

Air Chief Marshal Sir Alec Croyton, K.C.B., K.B.E., 
M.V.O., D.F.C., who was appointed Chief Executive (Guided 
Weapons) Ministry of Supply, in August, 1950, has joined the 
board of the Bristol Aeroplane Co. Ltd., Bristol, as managing 
director of the firm’s engine division. 

Mr. W. N. Duffy has been appointed publicity manager of 
Ferranti Ltd., Hollinwood, Lancashire. 

Mr. A. G. Findlay has resigned his position as chief of the 
special products division of Head Wrightson Processes Ltd., to 
join Monsanto Chemicals Ltd. 

Mr. S. A. Ghalib has been appointed assistant chief engineer 
in the electronic control department of Metropolitan-Vickers 
Electrical Co. Ltd., Trafford Park, Manchester. 

Mr. C. H. Gibson, A.M.I.Mech.E., A.M.I.N.A., has been 
appointed chief mechanical engineer to the Manchester Ship 
Canal Company, Ship Canal House, King Street, Manchester, 
in succession to Mr. T. A. Guest, O.B.E., A.M.I.Mech.E., who 
retired owing to ill health. 

Mr. Crawford Gordon, Jun., O.B.E., has been appointed 
president and general manager of A. V. Roe (Canada) Ltd. Sir 
Roy Dobson, C.B.E., F.R.Ae.S., J.P., until now the company’s 
president, has become chairman of the board. 

Mr. A. T. Gray, secretary, and Mr. H. C. Leach, works 
manager, have been appointed to the board of directors of Seagers 
Ltd., Dartford, Kent. 

Mr. F. de B. Hart, M.ILE.E., executive director and joint 
manager of the Developments and Special Projects Department of 
British Insulated Callender’s Construction Co. Ltd., has retired 
from his executive duties but will retain his seat on the board. 

_Professor W. S. Hemp, M.A., A.F.R.Ae.S., has been ap- 
pointed head of the department af aircraft design at the College of 
Aeronautics, Cranfield, Bletchley, Buckinghamshire. He is re- 
taining his present title of Professor of Aircraft Structures and 
Aero-Elasticity. 

_Mr. C. C. Inglis, A.M.LE.E., deputy chief scientific officer, 
Ministry of Supply, has been appointed chief research officer on 
the headquarters staff of the British Transport Commission, 55 
Broadway, London, S.W.1, in succession to Dr. H. E. Merritt. 

Mr. Donald King has been appointed chairman of Globe 
Pneumatic Engineering Co. Ltd., 58 Victoria Street, London, 
S.W.1. Colonel J. H. Anderson, R.E., has also been appointed 
to the board. 

Mr. S. M. Lawrence has been appointed assistant sales 
manager, unwrought and special products, British Aluminium Co. 
Ltd., Salisbury House, London Wall, London, E.C.2. Mr. 
O. M. Bruce Payne has taken over the responsibility for the 
technical service section of the development department, under 
the development manager, in place of Mr. Lawrence. 

Mr. R. R. Maddock, B.Eng., A.M.LE.E., A.M.I.Mech.E., 
has _ been appointed chief generation (construction) Midlands 
Division, British Electricity Authority, in succession to Mr. L. F. 
Jeffrey, B.Sc., M.LC.E., M.LE.E., M.I.Mech.E., who has 
recently been appointed controller of the East Midlands Division. 
7 Sir Charles McLaren, K.C.B., Director General of Ordnance 
Factories, has retired owing to ill health. As a temporary ar- 
arrangement, Mr. T. E. Harris, C.B., C.B.E., will officiate as 
Director General of Ordnance Factories. 

Captain R. P. Minchin, O.B.E., has joined Harry Ferguson 
Research Ltd., Coventry, as general manager. 

Mr. W. E. Mitchell, chief engineer, and Mr. J. W. 
Whimpenny, production manager, have been appointed to the 
board of W. H. Dorman & Co. Ltd., Stafford. 

Mr. J. A. Oriel, C.B.E., M.C., B.Sc., M.A., F.R.LC., 
M.1.Chem.E., recently general manager of Shell Refining & Mar- 
keting Co. Ltd., and Mr. G. Ormsby Pearce, M.C., recently 
managing director of African Explosives & Chemical Industries 
Ltd., have joined the board of W. J. Fraser & Co. Ltd., chemical 
engineers, Dagenham, Essex. 

_ Mr. Arthur Parkinson has been appointed a director of 
Crompton Parkinson Ltd., Crompton House, Aldwych, London, 
W.C.2. He has been an executive director since 1946. 

_ Mr. Georg Pfeiffer has been appointed chief engineer of 
Geo. Adlam & Sons Ltd., Fishponds, Bristol. 
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Mr. H. P. Potts, M.I.Mech.E., has been appointed managing 
director of the B.S.A. Tools Group of Companies which includes 
B.S.A. Tools Ltd., Burton, Griffiths & Co. Ltd., B. G. Machinery 
Ltd., Cardiff Foundry & Engineering Co. (1947) Ltd., Index 
Automatic Machine Co. Ltd. and Leo C. Steinle Ltd. 

Mr. W. H. Purdie, director of William Doxford & Sons Ltd., 
Sunderland, has been elected chairman of the National Association 
of Marine Engine Builders. Mr. Ewen H. Smith, director of 
David Rowan & Co. Ltd., Glasgow, has been elected vice chairman. 

Mr. N. C. Robertson, M.B.E., F.R.S.A., Assoc.LE.E., 
deputy managing director of E. K. Cole Ltd., Southend, has 
accepted the position of director-general of electronics production, 
Ministry of Supply. 

Mr. N. E. Rowe, C.B.E., B.Sc., F.R.Ae.S., M.I.Mech.E., 
Wh.Ex., has been appointed technical director of Blackburn & 
General Aircraft Ltd., Brough, East Yorkshire. Air Vice 
Marshal H. N. Thornton, C.B.E., has also joined the board and 
will be responsible for sales. His office will be at 43 Berkeley- 
Square, London, W.1. Captain C. E. Ward has been appointed 
London manager. The firm has formed a Blackburn-Turbomeca 
Division at their London office to handle the sales of the Turbomeca 
range of gas turbines. 

Mr. T. P. Searight has relinquished the position of chairman 
of H. M. Hobson Ltd., Fordhouses, Wolverhampton, but retains 
his directorship of the company. Mr. S. W. Hughes has been 
elected chairman and continues as managing director. Mr. T. 
Simpson has been appointed assistant managing director, and 
Mr. P. H. Stokes, technical director. 

Dr. D. G. Sopwith, M.I.Mech.E., acting director, Mechanical 
Engineering Research Organization, Department of Scientific and 
Industrial Research, East Kilbride, near Glasgow, has been ap- 
pointed director of Mechanical Engineering Research in succession 
to the late Dr. G. A. Hankins. 

Brigadier P. le M. S. Stonhouse-Gostling, military com- 
manding officer and deputy chief engineer of the Armament 
Design Establishment, Ministry of Supply, has been appointed 
vice-president of the Ordnance Board, with the temporary rank of 
Major-General. 

Mr. J. Lachlan Sturbock has been appointed sales manager 
of E. Boydell & Co. Ltd., Old Trafford, Manchester 16. 

Dr. J. Ward, B.Sc., M.I.Mech.E., M.I.Mar.E., has retired 
from his position as head of the Department of Civil and Mechanical 
Engineering at the Technical College, Huddersfield, and has been 
appointed technical consultant to the Norwood Engineering Co. 
Ltd., Huddersfield. Mr. J. D. Walker, B.Sc., A.M.I.Mech.E., 
has been appointed to succeed Dr. Ward. 

Mr. H. W. A. Waring, C.M.G., has relinquished his position 
as secretary of Guest Keen Baldwins Iron & Steel Co. Ltd., 
Cardiff, and its subsidiaries, in order to take up the appointment as 
director of the Power and Steel Division of the Secretariat of the 
United Nations Economic Commission for Europe in Geneva. 
Mr. L. R. P. Pugh has been appointed to succeed Mr. Waring. 


BUSINESS NOTES 


Tool Treatments (Chemicals) Ltd., Colliery Road, 
Birmingham Road, West Bromwich, an associate company of 
John Harris (Tools) Ltd., Warwick, has completed a modern 
factory for the manufacture of chemicals, plant and equipment 
for degreasing, chemical black finishing, decorative and anti-rust 
treatments for finished products. The company specializes in 
these processes as Outworkers. Special chemicals, plant and 
equipment are available for firms who prefer to treat their own 
products. 

Lancashire Dynamo & Crypto (Mfg.) Ltd. has appointed 
Burke & Son Ltd., 18 Strangford Avenue, Belfast, sales representa- 
tives for Northern Ireland. Mr. J. McCandless, M.Sc., M.LE.E., 
recently deputy electrical engineer for Belfast, and now a director 
of Burke & Son Ltd., will act as manager for Northern Ireland. 

John Harper & Co. Ltd., Willenhall, Staffs, have purchased 
the foundry known as St. James’ Works, Poole, Dorset, hitherto 
operated by Poole Foundry Ltd. 

Industrial Drives Ltd., 44 Uxbridge Road, Ealing, London, 
W.5, a new company, incorporates the mechanical drives section 
of the Package Sealing Co. Ltd., Ealing, and H.D. Engineers, 
Gerrards Cross. 

C. C. Wakefield & Co. Ltd. announce that with effect from 
November Ist, their Industrial Lubrication Service will be 
organised on regional lines under the direction of Regional Sales 
Managers. Mr. C. W. Page has been appointed sales manager 
of the Eastern Region in succession to Mr. B. S. Davis, who has 
resigned from the Company. Mr. Page joins Messrs. J. E. S. 
Elwell and D. S. Kirkpatrick, Northern and Western Regional 
sales managers respectively. 

The “ Colombo Plan” Exhibition will be held in Colombo 
from February 15th to March 14th, 1952. It will demonstrate 
the needs of South and South East Asia and the contribution by 
the British Commonwealth and the United States in capital goods 
and technical assistance. The Ceylon Government will demon- 
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Typical of WIDNES Fabricated Steel Work . 
a 12 ton Elliptical Acid Tank in mild steel for | 
fitting to a road vehicle. Its dimensions: | 5ft. P 
8in. long by 5ft Yin. wide by 3ft. Yin. deep. 
fa 
The WIDNES FOUNDRY engineering service includes ¢ 
fabrication in mild and stainless steels of plant and : 
- ie ‘ e . g 
equipment for all the specialised industries mentioned A 
al 
above. st 
Add to this the production of cast vessels and other : 
* . . . . . . ar 
specialised plant in heat and acid resisting, high duty rs 
and alloy irons, and you have a concise summary of the 
WIDNES service to industry. 
Typical of WIDNES Foundry Work—a three-tier 
Heat Exchanger in cast iron. Each shell is 20in. 
inside diameter containing 66 copper tubes /Oft 6in. 
in length. e 
WIDNES FOUNDRY & ENGINEERING C° LTD 
LUGSDALE ROAD - WIDNES - LANCS 
TELEPHONE: WIDNES 2251/4 TELEGRAMS FOUNDRY, WIDNES’ 
W/23 
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strate the achievements of Ceylon, during the past 21 years of 
responsible Government, in economic progress and social welfare. 


Sunvic Controls Limited have acquired a new factory on the 
industrial estate at Harlow New Town. The works and offices 
have removed to Harlow, where production has already commenced. 
The Sales Department is now situated at 132/ 135 Long Acre, 
London, W.C.2 and enquiries and orders should in future be sent 
to that address. The Registered Office remains at Sunvic House, 
10 Essex Street, Strand, London W.C.2. 


BTH 2,000-kW yn hh UNIT FOR TRACTION AND 
HER APPLICATIONS 

A new form of ye le resistor has recently been manu- 
factured by British Thomson-Houston for continuously absorbing 
a 2,000 kW of electric power. The first application 
of this compact resistor unit, designated Type ZP, is for testing 
the generators of diesel-electric locomotives. It can be used, also, 
for rheostatic braking on large electric and diesel-electric loco- 
motives, where space is limited but considerable amounts of power 
have to be dissipated. 

In the unit, a motor-driven fan at the bottom of a welded angle- 
iron enclosure forces air through a bank of resistors mounted 
vertically within the enclosure. 

Aluminium chromium stainless steel strip having a high 
specific resistance and low temperature coefficient is used for the 
resistor elements, the strip being formed into a flat V-shape to give 
rigidity and ensure maximum cooling from the air flow. By 
using continuous strip supported in a treated asbestos-compound 
frame, expansion and contraction of the strip is provided for, 
and by mounting a number of frames together, the air passes over 
each resistor in turn—the assembly of frames may be vertical or 
horizontal, depending upon the space available for the complete 
unit. 

By connecting the fan motor, which is rated at 37 hp, in 
parallel with part of the resistor elements, the amount of cooling 
air provided is approximately proportional to the load, while a 
diffuser between the fan and the resistor elements ensures an even 
distribution of air. 

Selector switches are provided so that the resistors may be 
readily connected in series or parallel groups to suit any particular 
load requirement. The selector switches have blades with silver 
button contacts which engage with silver-plated switch-clips to 
give a high pressure dome contact. The switches are mounted on 
insulated bars in front of the resistor frames and are accessible 
through the front door of the enclosure. Connections between the 
switches and the resistor terminals are made with silver-plated 
copper straps. All terminals and tappings on the resistor elements 
are securely welded on. 

Although designed primarily for traction purposes, this resistor 
unit will doubtless be found useful for other applications where a 
loading device of high capacity and constant resistance value is 
required. The compact size of the unit makes it ideal for use on 
engine test beds, with generators already mounted in position on 
site, or in any similar cases where space is at a premium and a large 
amount of power has to be dissipated. 


PRESS ore TO THE SIGMUND PUMP FACTORY 
GATESHEAD, OCTOBER 30, 1951 

... Pumps Ltd., having been one of the leading manu- 
facturers of pumps in Europe, decided to commence manufacture 
of their equipment in the U.K. in 1938, with the object of entering 
the industrial and domestic pump market. International events 
necessitated a radical change of policy, resulting in extremely rapid 
expansion of manufacturing capacity in order to complete the large 
government contracts which the company was called upon to meet. 
At the same time, the original plans of the company had to be shelved 
and, during the war years, only a small number of pumps was 
supplied to industry. 

In 1945, two major steps were taken to embark on peacetime 
operations. Pre-war contracts of the old Czech company were 
renewed in many overseas centres, overseas agents were appointed, 
and the first orders for standard pumps, based on the pre-war 
range, were received. 





General view of test bay. 
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Two single-stage overhung impeller process pumps. The 
impeller and shaft assembly of the pump in the foreground 
has been removed for final inspection. 


At the same time, the range of Sigmund pumps was extended 
by entering the field catering for the oil refining and allied industries. 
As a result, Sigmund process pumps are now operating in many 
refineries at home and abroad. Orders are in hand for the majority 
of the process pumps for the new Coryton Refinery of Vacuum Oil 
and the new “‘ oil from coal plant ” for the South African Govern- 
ment. 

The range of Sigmund refinery process and chemical pumps 
now covers some 150 different types and sizes, for capacities up to 
4000 gpm, pressures up to 1500 psi, and temperatures varying from 
sub-zero to 900° F, and they are supplied for duties covering a 
large range of chemical, main and by-products of industry. At the 
same time, over 200 types of more standard designs are manufactured. 

The amount of business which Sigmunds had to handle made 
it clear that the premises in which the company were operating 
would be inadequate to cope with the rate of production ae 
It was, therefore, decided to bring into operation, on the Team 
Valley Trading Estate, a new plant covering approx. 140,000 sq. ft. 
designed specifically for pump production. 

Correspondents were shown all over this modern and interesting 
factory and they were afforded an opportunity to see many types of 
pumps in their various stages of production. Of particular interest 
are the testing facilities. The main test tank is built below ground 
level, having a total capacity of 100,000 gallons, and comprising 
four inter-connected compartments. For capacities up to 6,000 gpm, 
a channel exists above the surface, re-circulation being by means of 
an underground channel. In addition, there is a further channel 
for weir measurement of capacities up to about 40,000 gpm, which 
can also be used for general testing of small electrically-driven and 
diesel or petrol-driven units. There is also a well 35 ft deep for 
the testing of vertical spindle pumps and submersible units. 

One of the first contracts placed with Sigmund Pumps Ltd., 
after their entry into the oil refinery process pump field, was for a 
series of pumping units for the Cardon Refinery in Venezuela. 
The pumps were ordered from the drawing board in 1945, and the 
first batch for the distillation unit was put into operation in 1948 ; 
installation of other units continued through the year 1949. When 
it was later decided to double the capacity of the refinery, a contract 
was placed in November 1950 with Sigmunds for duplicates of 
those pumps previously supplied and for additional pumps with a 
target date for completion of November/December 1951. 

The pumps which were on show at the Sigmund Factory are 
typical process pumps, and the very nature of the operating con- 
ditions mean that ease of maintenance and dismantling are vital 
factors in both design and manufacture. Consequently, all parts 
are machined to fine tolerances so that parts for all pumps of the 
same type are interchangeable. A standard feature of all pumps is 
that they have been arranged so that, when inspection of the 
rotating element is necessary, the whole of the impeller and shaft 
assembly can be withdrawn without breaking any joints in the 
pipeline, and without affecting the alignment of pump or driver. 

Test on actual operating liquids and temperatures is not pos- 
sible before despatch, but in each case the pumps have been tested, 
handling water at atmospheric temperatures, at the operating 
speed and under conditions simulating the hydraulic duties which 
the pumps are required to perform on site. 


The English Electric Company announces that they have 
received an important order from Canada for a 60 MW steam 
turbo alternator for the J. Clark Keith Generating Station at 
Windsor, Ontario. This new generating station is being con- 
structed by the Hydro Electric Power Commission of Ontario. 
Three similar turbo alternators for the same station have already 
been ordered by the Commission from The English Electric 
Company. This fourth set will bring the station’s total capacity 
to 264,000 kilowatts. 

The first of the turbo alternator sets supplied by “ English 
Electric ” has already steamed, and will be running for the o cial 
opening of the station on November the 16th, when Sir George 
Nelson, Chairman and Managing Director of The English Electric 
Company, will be present at the ceremony. 
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Each of the tour sets will run at 3600 r.p.m. and the turbines 
are designed to operate with steam at 850 lIbs./sq. inch, and a 
temperature of 900° F. 

The turbines are of two-cylinder impulse-reaction design, the 
high pressure cylinder containing eighteen impulse stages and the 
low pressure double flow cylinder one impulse and six reaction 
stages in each flow. Both high pressure and low pressure rotors 
are machined from solid forgings with the exception of one disc at 
each end of the low pressure rotor carrying the last row of blades. 

The alternators are direct coupled to the steam turbines, the 
cooling medium being hydrogen in accordance with modern prac- 
tice for high-speed turbo-alternators. The normal operating 
pressure inside the alternator casing is 0.5 lb./sq. inch, but the 
design is suitable for operation at a hydrogen gas pressure of 
15 lb./sq. inch. The alternators supply current at 13,800 volts, 
3-phase, 50 cycles, and are designed in accordance with the standard 
specification of the American Institutes of Mechanical and 
Electrical Engineers. 

The units are designed to give their most economical rating at 
48,000 kW. with a normal maximum rating of 60,000 kW., and a 
capability rating for emergency use of an additional 10 per cent, 
namely 66,000 kW. 

An outstanding feature of these alternators is the size and 
weight of the stator. The first, weighing 120 tons, was shipped to 
Canada early this summer. It was the heaviest single item ever to 
leave The English Electric Company’s Stafford Works and one of 
the heaviest pieces of cargo ever to be shipped from the United 
Kingdom to Canada. 


“NEW LOOK ” FRONT AT 1952 B.LF. AT BIRMINGHAM 


The wartime utility frontage of the British Industries Fair 
heavier engineering section at Castle Bromwich, Birmingham, is 
to be scrapped and a new permanent facade of imposing design in 
keeping with the status of one of the largest exhibition buildings in 
the world is to be erected for the 1952 Fair, to be held from May 
5 to 16 

Plans and a model of the new facade have now been passed by 
the B.I.F. Management Committee of Birmingham Chamber of 
Commerce and work is to start in the near future. 


When a casting is made of iron, aluminium or other 
metal, the process by which the hot liquid solidifies is similar to 
that of the formation of snow crystals and raindrops by artificial 
“seeding,” Dr. David Turnbull, head of the Chemical Metallurgy 
Section of the General Electric Research Laboratory, told a group 
of metallurgists who recently visited the laboratory. 

In one widely used method of seeding clouds to produce 
precipitation, originally developed by Dr. Bernard Vonnegut, 
another G-E Research Laboratory scientist, millions of tiny 
crystals of silver iodide are introduced into the air. Their size, 
and the arrangement of the atoms of which they are made, is the 
same as that of the ice crystals. Hence the water vapour in the 
air is ‘‘ fooled” into condensing upon them. 

_ Any cast metal consists of metallic crystals, and Dr. Turnbull 
said that when such castings solidify there must be present some 
foreign crystals. These act in the same way as those of silver 
iodide. These nuclei have a structure very similar to that of the 
metal crystals themselves, and this makes it easy for the metal 
crystals to build up on the foreign crystals. Without them the 
solidification could not start unless the material were cooled to far 
below the melting point. 


BRITISH STANDARDS 


(Copies of British Standards may be obtained from the British 
Standards Institution, 24, Victoria Street, London, S.W.1.) 


Steel _Tubes for Mechanical, Structural, and General 
Engineering Purposes. B.S. 1775: 1951 covers plain carbon 
— tubes not exceeding 16 in. outside diameter, of the following 
ypes : 

Hot finished welded (referred to as type HFW) 

Hot finished seamless (referred to as type HFS) 

Cold drawn seamless (referred to as type CDS) 

Electric resistance butt-welded (referred to as type ERW) 

Cold drawn electric resistance butt-welded (referred to as 

type CEW) 

_. Oxy-acetylene butt-welded (referred to as type OAW) 

_ Tubes of types HFW, HFS, CDS and OAW are specified in 
four grades, viz. 11, 13, 15 and 20. the numbers indicating the 
minimum yield strength. Tubes of type ERW are similarly 
specified in Grades 11, 15 and 20, while those of type CEW are 
specified in Grades 11, 15, 24 and 28. 

Part One includes a number of general clauses applicable to 
all types of tubes, dealing with such matters as material, straightness, 
lengths, galvanizing, methods of test and inspection. Each type 
of tube is then dealt with in detail in a separate section which 
includes such items as tolerances and mechanical properties. 

_ .At the end of the standard are tables of standard sizes of hot 
finished welded and hot finished seamless tubes. A further table 
gives the properties of the tabulated sizes. Price 3/-. 


Pipe Flanges for Use on Internal Combustion Engines 
and Installations. B.S. 1770: 1951 covers flanges for use on 
Systems connected with internal combustion engines, such as :— 
a Coolant systems ; (b) Exhaust and induction systems ; (c) Oil 
Pipe systems. 
of Jt covers the general and detailed construction of oval, square 
and triangular pipe flanges for securing to pipes by screwing, 
br ‘zing Or welding. These flanges are not intended to be used on 
Steam pressure work or other similar services. 
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LATEST INDUSTRIAL LITERATURE 


1, Universal Flame Profiling Machine. [Illustrated leaflet 
describes a gas cutting machine equipped with a variety of automatic 
and hand controlled cutting traverses, which operate freely without 
templates. Overhead compound slides produce shapes of any 
desired contour. Advantages claimed include drastic reduction in 
machine preparation and setting times, reduction or elimination in 
the use of templates, higher overall efficiency. 

2. Marking for your Production. Well designed folder con- 
taining leaflets and brochures which describe a range of marking 
machines used for marking part of serial numbers, names, trade 
marks and graduations, etc., on all metals, plastic or wooden com- 
ponents with flat, round or irregular surfaces. Full specifications 
are included, and the machines and accessories are fully illustrated. 
One of the leaflets deals with transfer marking machines which are 
designed for marking on materials which do not lend themselves to 
a stamping process for marking purposes. These machines are 
used for marking radio valves, ampoules, fuses, cartridges, tubes, 
tin lids, jars, etc. 

3. Air Hammers. Four-page folder illustrates some of the most 
important applications, such as sheet-metal cutting, scraping, 
chiseling, etc., of air hammers. Specifications are given of this 
versatile tool which has many uses in factories for maintenance and 
production work. Improved porting and design refinement to give 
more power for less air, and new positive tool retention, are some 
of the salient features of the simple and practical tool. 

4. Electric Switchgear. Illustrated folder describing a range of 
switchgear designed to give long life with little attention, easily 
installed and simple to maintain. Illustrations and brief descrip- 
tions of the following equipment are included :—11 kV 150 MVA 
switchboard with one truck withdrawn; circuit breaker with 
accessories ; medium voltage distribution switchboard with circuit 
breakers for maximum current of 150, 300, 600 and 1100 amps ; 
auto transformer and star-delta starters ; control panels for starting 
and controlling slip-ring induction motors of up to 1000 bhp with 
rotor currents of up to 600 amps and slip-ring pressures of up to 
3,300 volts; crane control gear; speed regulators and limit and 
emergency switches. 

5. Pyramid Hardness Testing Machine. Well produced 16- 
page brochure gives detailed description of the Pyramid Hardness 
Testing Machine used as thoroughly reliable and accurate means 
for testing the hardness of metals, particularly those of a high 
degree of hardness. It is applicable to all classes of work, including 
finished parts, very thin sheets, etc. 

The excellent illustrations of the booklet include a general 
arrangement diagram, numerals chart, accessories, etc. Specifi- 
cations are also included. 

6. Spur Gear Boxes. Illustrated leaflet describes a range of 
gear boxes designed to transmit from {th up to 25 hp. All units 
incorporate standard ratios which allow for a very wide selection of 
final output shaft speeds. The gear boxes described can con- 
veniently be driven by means of direct flexible coupling, flat belt 
or rope pulley drive. ; 

7. Heliocentric Speed Reducing Gears. Profoundly illustrated 
44-page catalogue describes the principle and illustrates a variety of 
actual applications of this modern method of speed reduction. 
Machine designers will greatly profit from this extremely well 
edited and produced catalogue which includes dimension tables 
and torque tables. 

8. Gas Carburising Furnaces. Illustrated leaflet deals briefly 
with gas-fired, radiant tube gas carburising furnaces, of particular 
interest to manufacturers concerned with large scale production 
of gear and other transmission components. The furnace eliminates 
the need of a nickel chromium muffle. Dimensions and perfor- 
mance data are included, and other advantages, including saving of 
floor space, are described. : 

9. Better Castings. 16-page booklet deals with a group of high 
duty irons which are known under the name “‘ Meehanite.” Four 
types have been developed to meet a specific set of operating con- 
ditions. These four main classifications are conveniently described 
as 1. General Engineering; 2. Heat Resistance; 3. Wear Resis- 
tance and 4. Corrosion Resistance. A table shows the physical 
properties and other information concerning the four main types. 
One section of the booklet deals with service and research facilities. 
Illustrations show typical applications. A list of available bulletins 
and technical articles on Meehanite is also included. 

10. Plunge Centreless Grinding Attachment. _ Illustrated 
folder introducing a plunge centreless grinding attachment which 
is a complete unit embodying all the parts needed to enable circular 
work to be accurately ground without need of setting it up between 
centres. The drive for the plunge centreless grinding converter is 
taken from the work head of the normal grinding machine to which 
the converter is fitted. 
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Tables of dimensions of flanges for use on a range of pipes 
4 in. to 4 in. nominal diameters are included. Details of materials 
are also given. Price 2/-. 

Electro-magnetic Indicators for Extra Low Aircraft 
. stems. B.S.G. 133 : 1951 provides an alternative in the form 

a magnetic indicator which can give a continued indication of 
the maintenance of a certain condition in a circuit without irritation 
to the pilot. The standard applies to a single-pole or multi-pole 
indicator comprising a flag or shutter, operated electro-magnetically 
at a nominal voltage of 24 volts D.C., giving a visible signal ap- 
propriate to the state of the electrical circuit to which it is connected. 
Price 1/-. 

Steam Turbines. B.S. 132: 1951 includes a number of 
improvements as compared with the original edition. Although 
intended mainly for steam turbines for use in electric power 
stations, many of its provisions apply to steam turbines for other 
service. 

The progress made during the last twenty years is reflected in 
this standard by new features. These refer chiefly to supervisory 
instruments, turning gear, precautions to be taken with larger 
turbines in respect of falling vacuum and operation of condensing 
turbines under non-condensing condition. Of special interest are 
the recommended limits of variation in steam pressure and tem- 
perature from the rated values in actual operation of plants with 
modern advanced steam conditions; while these limits are at 
present to be regarded as tentative only, more definite guidance 
will be provided as soon as growing experience with advanced 
team conditions will permit. 

A table of recommended standard ratings with their particular 
operating conditions is also included ; this table covers the range 
of 10,000 to 100,000 kW range. Price 2/-. 


Classified Advertisements. 


The rate for all classified advertisements is 6d. per word; in bold 
print 9d. per word ; minimum order 6s. Box number advertisements 
ls. extra. Instructions together with remittance must be received not 
later than the 3rd of each month for advertisements to appear in the 
same month’ s s issue. 


SITUATIONS VACANT 


ARMSTRONG SIDDELEY MOTORS have vacancies in their 
Coventry factory for Senior and Intermediate Jig and Tool 
Draughtsmen to work on both the gas turbine aero engine and car 
production. This is work of national importance and the right 
men will be suitably rewarded. Please reply in some detail to 
Reference JTD, Armstrong Siddeley Motors, Coventry. 


WANTED 








‘45 CARBON STEEL WANTED, 7 in. to 
9 in. dia. in long lengths. Up to 5 tons each size. 


Details to: 


F, J. Edwards Ltd., 359, Euston Rd., London, N.W.1 
Euston 4681, 


or 41, Water Street, Birmingham 3. Central 7606. 


MACHINERY, ETC., FOR SALE 


FULL STEAM IN FIVE MINUTES with B & A Electrode 
Boilers, used by British industries for 20 years. No boilerhouse, 
no flue, no attendant needed. The most compact and convenient 
steam raisers available, can go beside machines using the steam. 
Write for leaflet 127, Bastian and Allen Ltd., Ferndale Terrace, 
Harrow, Middlesex. 


RECONDITIONED EX-ARMY HUTS, and manufactured 
buildings. Timber, Asbestos, Nissen Type, Hall Type, etc. All 
sizes and prices. Write, call, or telephone, Universal Supplies 
(Belvedere) Ltd., Dept. 50, Crabtree Manorway, Belvedere, 
Kent. Tel.: ERITH 2948. 


STOP THAT VIBRATION with “ Muffelite” equipment. 

No problem too difficulc: low-speed machinery or power hammers. 

No machine too small, none too large. Protects precision testing- 

plant; insulates buildings against all vibration, from generators to 

os presses. Write for list 109, Cementation (Muffelite) 
td., 39 Victoria Street, S.W.1 Abbey 5726. 


MISCELLANEOUS 


TRANSLATIONS (Technical, Commercial), all languages. 
Abstracts also supplied. Olympia Translation Service, 149 
Blythe Road, London, W.14. RIVerside 5135. 

CAPACITY AVAILABLE FOR MEDIUM HEAVY, general 
engineering subcontract work, including machining and assembly. 
Box. No. B.M.1. 

MASSEELEY STAMPING MACHINES rebuilt & guaranteed 
by Hill Bros. Ltd., Acton Works, Beaconsfield Rd., London, W.4. 
Also Types, Dies, Foil, Transfer Film, Acetates, Cardboard, 
Gummed Papers, Guillotines, etc., all at bargain prices. Ring 
CHIswick 2235. 


386 








For work on an expanding 
programme of gas turbine and 
rocket motor design and development 


ARMSTRONG 
SIDDELEY 


have vacancies for the following :— 


DESIGNERS AND SENIOR AND 
JUNIOR DRAUGHTSMEN 


For work connected with Gas Turbine Engines. 
Although experience is most advantageous it is 
not necessarily essential as training will be 
given. Reference 101 


DESIGNERS 


For small but expanding department working 
on the development of unorthodox power units 
for aircraft propulsion. Well qualified men, 
keen to obtain further engineering experience 
are required for the following posts : 

One Senior Designer over 25 with airframe ex- 
perience and H.N.C. in aero engineering for 
structural and installation work and four 
draughtsmen or designers aged 22-30 with 
H.N.C. for mechanical hydraulic or aero 
structural work. Reference D2 


JUNIOR AND SENIOR 
TECHNICAL ASSISTANTS 


In Mechanical Engineering Department for 
work in connection with development of Gas 
Turbine Engines. Qualifications: Degree or 
Higher National Certificate. Excellent pros- 
pects exist in sections dealing with rig test of 
engine components, vibration, static structure 
and test research in gears and bearings. 
Reference V1 


Apply to: 
Technical & Works Director, 


ARMSTRONG SIDDELEY MOTORS LTD., 
COVENTRY. 


Mark your envelope 
Ref. 101, D2 or V1 
as applicable. 








THE ENGINEERS’ DIGEST 





























